










a a 
i : ke * ‘ ; 
} ey “ae : Scat st ‘ z ~ WRG ict Ee 
{ Be = ee al ; a - ey renee! se 
i 3 RT ey a.) apa ee ‘nl % Oe ah 
‘ . ‘ See ‘ NEE ete . x 
ve ; } ; = ‘ ¥ ; a : ae : Naas 
‘ = fs > J Vi a , a, ba ee + a ™. pm hs ’ , rv» 2 ~ “+ 
" is ae 9 I t - ™ e : goes rN, i 2 s 
. j 
SRS eh te SNR ae eR eS ea Bp ek tt esas ie her sa Baad oedema ly SS te ee ere ee SOA 
e + : Deel = ab ame piece at re a aD ee at mel a ne Pred at ee ee ee ao 
ee Te on at ~~ alo par aaah sale nae Pe a ak ee en Roe ke ae pe Se 


apaae 
fae So ree pe wh ee 
SS Sie Rese a rae ee er Ee 











= 
eee ee ee eae 
















oes ar 2 f 
na portaeise . ar 
wt SSeS = : —* 

+ eee eer ew ey a pes ee ren z 

zt, SSS u 

= “a ene = : 2 Tet Pere Cees eeSe a eee , Clan 8 Gee eee EES 

* jp 8®. er é ; = Poe De oe er eee : ee ae ee Cay ee oa a e: 

anes ¥ ce Clones cer tn ob hh ae pai : ox ree na oo nS ge Pe no Rk AO eh Fe =z 

cs ena Pm meer mae > elie dee i-palpreie “paler claes. PRIA ater 38 i : Pr 7 OT ee a ee ey > 

Weal =i P = eee eee a etn Pee er ee eel a te eater ease war. - OB a PO am Wits oe rear mt 

m mee Sone =. - BD Teen te a ion Onde ote dete ed cent = 2 a * 2 ae 

= ie = Seed mae coy edt Se ep aE ie oe - = 






7 eae ee ay L SOE a2 ON a —& Sade 
ih : - a paula ple i8p a e ‘ ET Re dy aeE C at = 
=arseee eres gue ease esee ee tatpeicestom lt lie See psr cise eres 





‘ -e= . ams aan ripened? 
pees ae Sones Lire Spiers pee ea ee 
= = Fras sears - ee eats cope ge eee pe 
a i Oe ae ae pate ay 5 oe g 
pes fe apreie pe oe reer ee a ee 





— Oia = 
peau reece ae eke 














= - : — sche tasal pagar par pee ay ler n 
St ee ee ees 
pie ah 


- cma pore a eee ab eee iv 
a As cthen. 5 aot cme oes apt as tes =" 
ah Fs BS ‘sin sis: Eee wicket aa sete eee ete 
pars nays ; : ar ne 5 ee ‘a eat SS 
ws ei ae pe pk puree age Ses 

So poor se 






























































































= 2 > =a ~ - — hs - os 
al 3 a eet e- - a eee Re pn NRE gt OOO Ee . Sie sie Si sept rre ts ae 
peso 3 alieecaen ee eae ae ee ee se Ser eS EL OS Ba Oe a ee eget Pelee ee ee : 4 o_o Ricdibesikr fake Sra as Pena segs 
< ° $. es a ars A he et ed —- -4 ee =| ¥ a _ > emmnlpe em ~ r _ 
pe tp rege saz pd Ree pe aes oF pe eae pe ee i ee pre Spee ee a Faye 4 ier : i ag ERE Pep Ge Pe pe 
aus 2 a sed airs = > Plea en Es ot che ir nr pi rl eo m2 pate parse pS pen “3 ey D5 aes : r ¥. - - ot ol eegtsts - Bees tix 
pee 7 oe soe ee ty a3 : : oR ks ao ee NR a we on a eS SS ee ee “ales ape Dinpe eae Le sb 8 st poey tb ee Sok de sa sae 
= re pcan mnt ae = patting oases be = eo 3 ee ee ee ne ae : aS oy 3 sects Sees ae eo me Cp Pia es om 
ms eee : ee “ a hae pa je Wie pe Sa Balt Saye Sl a pane or apna pate Khe 7 pn pe oe a ed ae oat a ee a ON PERE RAR rely pu ae ee s 3 ae Soe new =F Fee ee 
Eosets Carrere S553 iee ye porernd Res Sep pe taay gps ay a pa pase ee ae a ee ee ee ea a a os Shep : - Sess pda ~ 2S SS SSeS 
PIs ee =: - PRATT SES Sea tag a eg aS eee ae ee eee ee Sa er eee eenree ; er : Eat ee rite tite) = 
. 2 = 3 ee ee ce Fe eh i ety é erplbrane = = J 
= ms ae > Seeinbelstpeeseeses Sa ee Fe ES a a omen! - $ net poas 
RESSr atin ge espa tapersesgeatrreete reser epereeyse Tas ppsioped Sige iee ens teee opt esseees eeseeee = sspastesesees 
: Ee C A ~ = r. ones larry paar a = —t el 
. ae apuleenes es este eae reese aaa wb aa : SEs Tea ae ae Pee 7. = riod 
= aeons =e pater 5 ep ae wp ETS i ty Spa Se r > - ~ ~p- 
:: > a Pam oe | : Fm pe eee a ae a ee Pan ee ee : — ‘ =4 
=r pale r je Site Sete aiS (a en ar Tp ely hee ane -== . : a eee 
aon? fold dB I Beam eh eae +o ps palais SS pale ps ry per eat ore — ~ Shine = rs i ali Kae 
Set Pete PE Oe Oe ere Eee Paes eee een ah a ee. SST Sa — 2 = <—* 7 sr Pe 4 
ee et an tie ata ree —- ed ae me myer aro eB re ie me . > - = af ~ ae < = ue y 4 - : = na 
pha aes pop pe ee er a ee a ee eee : a qe Son ea es aie : . Feet eS peg ST tT eases 
pas aot Patino eee Sook A oe A a bed eof Ro +i seek : z= 7 - a For ae a. : F— TS a > z ee EER Sheet 
pat rete nin eee ep be ee pete pam spe gape oe ae ree . ee ie : ee ee ESSE Ee eee 
= = Pac a a ot cae ct a nr GE ae a ae Ea a me peter acing — Zeit 2 as eb silienda 
Fatiatiedes a oe pe nh mi ant el ae A SE lm steers : : 2 pcp cient ig eeaiene et eee Cpa tap eee aks at teeaeals o 
= ~ See sie bets Stay ae keke ke est pean re she ar poe impor = ar ee ge ro Oe OSE ROG eee « .— Ao ee = 
= , BSE - Sib aed mf ee Fc amet i Pepa tub wienan a iG mb 5 = ow ee eo 
= rp eed <r te Pe epee ee eee gga goes ss mets eS et 
Fa eared = a oe Pearson r é olin, Tee a ra 
Fae ma ph tae gery PS = - s 2 r | 
pares pe ee Sg ap ee eee een ~ = 
mer =P ONE ee A Pee Re EOE e <i Fant am 2 = a 
5 é os ee en Ma 
rs - f oe Penh ot we 
ee Net ante SS a ae A a GF a ee al ae 
a pe ha ea) 


= Ee : . = - (4 cafe Rami 5 > 
re _—?* a ome Ce ey a ct, ee ere ie: —— A ek eh ce a lh me a ce 
pa cml att nile ne 5 SFL E ET FE St Pee as a Te a . 
peer sae he mY eat ae —- De me ws) eh ee Se 8 eo a a NS. = fms 
ee te tani cee ae ee a Ee a tet ae ee Pee SF ose bia eae oy > : 
pi) me el amt p err ti pee he 3 on i Fae tes eRe eat by SE a ome ae emits ce abd I pibr atr le 3 eR ae fhm: 
= sy a ee ars 4 o— saloon Te eee art 2 4 
ee ert a ay : ora tien = pane wes eatery <r . Blin vier “eer SSse sts pales 
: 5 : Sag ape a pepe nae ees 
= 3 : r : = rps 














tj 
i 
i 
{ 
u 
it 
+ 
) 
{ 
i 
it 
i 
i 


1 | eo — 
poet Be me ee aE meh eh ee ; 
co 2 pert 2 er es ee lle es 


ee _ 5 srgoae easel = os Sa Habre a7. pean 
Bed on Poe Re oO Re T sir pao = sre eens oe ee eS St od 
Sa ae ne a er ae ame amet pa ae a na Be ae > 

231s SSeS eee ry Eoeerars PbS ESET rk sane a pa ee aaa ~—- 
ee et nh memes a Sm ge en me welt ee hy einen? a ati Del pew gear pt pope ah ee aw ee Ei me ee Yo ed eth ee iP em a ct ne ome ae a 3 - ; - - Sale alee paleo ee 3 * ; 
DES ET a I a Bn ree ea mee slip oe el pic ei Tae PSY mie Ba =P hla a PO x Cee te eee is aad apace SISEz eT SSS 
ee tae aa ae a ea ae : m2 apes : ; ye 2 a ln cae alr mae (ae DN pal pate” NE “A eae 
BR eS Pe eee Soames pee ea rea lh pared AO WT tly ck Polen SE SA Re Fee : <= geo hr ase reanghiy es : 3 re ear pe pam re apap at pe Se kee 

—. te omelet eee § ed kh me ft Pa en et ae a ee a ea a onl aor eee ee Pra om Aes hr > peters oer awe oe eee ye aan (wae st . Le sa epee fo 
roeees = Lees re wart DT SS ST es Sei SS eeedi sd Selene nee Sean! Pm Deb aod 
eo x = a = F ee eee ann Pe Seen 
; a ee ee eee ae ——— - r 
a = a = 
a7 


eer eer = oe 
Se ie SS 
barr Saar Sy ee aed xa Pee nae Loven” ae - 
. eae — = 
bese ade nae pe sare ae 
oS aor sor ae 
er ae — - 








SALEM | 


1772 








Cree 


enna 








ign agit 
a 
wid 


‘ tint 


ie | 


area 
uae attra) 


iy 
i] 


ae 


setPir 
TUT IC UET, 
Reba ba bat 
ietere ya 


ih ai 
Ha 
tik nh 


ahi 


= 
= 
cael 
ar 
- 
>< 


i 
i 


r 
5 
tee 


apaeaanegeaat 
& ae 329: 
thei cah eas beh ic) 
stl istsse 
at 
Aha tate tata? 


| 


Bit 
bei 


7 


§ 
ey: 
Ls 
a 


f 


“igiatel 
ELS Es BE 
i 


i 
ns 
abit 


i 


i 


aa 


i 


; 
3 


abe be 
+ 
: 


ih et 
Hie 


bee 
ssh i Tel, 


in 


9) nn ae ae a Oe a ate ae ier RR ne eR EE TT ee ee ee ee rn Se en Ee ee ee Ee ee ee ee — 
ee an ng fade eee eee att i aaron SS a a a nes pe ee rn en Te eae < caoeewe i z _ . 
“spills SI PN NI ih PIA LEY ESE TD AE NI REL Sp tM A Nit Ve 
~ > s Bree ele ee eee ee ee eee LEA eee 
Yorn te op bor re ar a8 Bre Sire . = 
ae = : ; oa : pes: Ye ee or Brn ee > A 
pe a — oe =e P= at 2 2 eas sary : e 8 et 
~ we Gn FB we ee ES > os = a ee Se eS Se ee ee ee oppor e eae Saree ore ae AR emp eR eS See 
Ca ae a ohm Oe ei =i ~ a GO ait et a ie = Serle 8 te a me ee A Se are ee ee eas tee dee 
namin ter tT Oe e i ast > z r = “- == * ees Serres Se a he ee =S. = Ps Some: 2 


pat 
iy 


i 


z 


: 


Ste (eto fale be 
‘tal 





RUMpie Lis! eahinge este eget oes Sasser iPipeeeereettigs ea sohagae rete sees 


aed. so =. aw — . . _ . = 
ne le he GG he ee Le ay Ay a e- nets pe 7 4 . pears oy 
a : S53 35 Stigae 


v - connakarae 
md = = penne ee 





ces pees ——— A en els eh Fag pea ee hme 
Bera? Sage eet eS aise Ges ee nee ee 
é 0 eit 9 ar Rae ers = 


“EE 





eee ee ee ee 


Fp ae ee er een hienpei anh 
. 





a. 
oom © 
ee 


a aee fom fei Se 0a 


ve 
=F e— 


Sees 
sto = 
Se ne 
cage 


Mia a 
a 


ee et att ede 
ee a 
Bre tats eee 
id 
es 


ee 


a 


en 
+ 


Eater 
BIS areas 


—F xe 
epee Lee ha 


rear phe 


Petr gids 
* 


i 
i 
7 f 


; 


| 


Thies wil 









f tf ov’ 
A, ie py : 
ied SOI ¢7109)) LY 


“dO SOR SON KOR SOM NOUR sone, 


om ES SA Y 


ON 


‘ 


COMETS. 


SP Weal Waal Yeas Ket oll Cansh Wordless 


a. ae 
eae : 
25 op 
{ir 
t: 


ey 
woy 


= 








Ee — — 
— sore - 5 
os ae: ae = = <- 


AT; 


> ae aS 


— 
ee =guir 


eee pS > 


il 


sennsttrerensrereeeeses 
arepseieceses 
x i vaeode ree peach 


eee 
bes etna 


§ =e 
Sat 
p= > 


iat 
ik 
t 
R 


a 
i 
Ut 


a! 
die 
oe 


= creas 
Reese 
pie nore ran 


perms 


i" 


rt 
hy 
ih 
rt 
fe 


ee ee 


—s- a - 


SoS !s- 
Co re tes 
rer 


ys es 


SS 
sant 


Ca e— 
weneeiees 


: 
Serer: 
eee eee 


—-— 


par cre 
4 — par 


aes 


fy. 
oa 


—— 





am 


oar 


ey 


a IS Ae bat tebe deisel 


—_ 


TWO PARTS 
BaA RT A 


ie Ake ae Oppotitinn to the SU y, ues 


Been cal Ab ame 


a 
oe 


Po ATTS were so trcbably defigned : Wherein it is 
fthewn, that,in \Confequence of thefe curious Append- 


and even igaaaave Pobitations’: ; noveieiaiad: 
Jing the Pa pettics: of their Orbits. 


In human res bane labour’d on with Pain, 

_ A thoafand Movemests ‘fearce one Purpofe, gain ; 
_ In God’s, one fingle can it’s End produce ; 

_ Yet ferves to sone too fome other Ufe, 

Pora’s Essay on Man. 
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To 


JOHN WINTHROP, LLD. 


Horuistan PROFESSOR 
Of the MatuEemartics, and NATURAL PHILOSOPHY, 


AND 


FEiLow of the Corroration,of HARVARD-COLLEGE: 


Mensen of the AMERICAN PHILosopHICAL SocieTy 
Of PHILADELPHIA; 
- AND 


FELLOW of the ROYAL SOCIETY. 


The following ESSAY, 


AS an Acknowledgment of the Obligations which 
refult from an Initiation, under his Inftruction, in 
the Study of thofe Sciences which more immediatel y 
belong to his Province : In Reliance upon his Pa- 
fronage of a Treatife, which owes its Publication 
to his Candor and Approbation : And, with all 


due Deference to his {uperior Judgment ; is grate- 
fully infcribed, by 


His Obliged Friend, 
And 
Moft Humble Servant, 
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Po Reo Beek Ave sR. 


“H E defign of the following Effay was, partly to era- 
dicate fome abfurd’ notions which bave been band- 
ed down from the darkeft periods of antiquity, and 
which are ftill entertained by fome, upon the appearance of 
a Comet ;.and to remove the apprebenfions which may have 
been excited in the minds of others, even by the writings of 
fome great men among the moderns : And partly to offer to 
thofe who indulge themfelves in more abftrufe refearches after 
the operations of natural caufes, a few hints, the profecution 
of which may enlarge the field of pkilofophical fpeculation, 
and’ open to all a new fource for adoration of the wifdom 
and beneficence of that Being, who has made nothing in 
vain, and bas difpofed the various parts of ibe Universe by 
weight and meafure. It may therefore be prefumed, that, 
if the Author is fo happy as to be underffood by the gene- 
rality of bis readers (which be bas aimed at throughout the 
whole) the geutlenen of feience will pardon thofe minute 
difcuffions, whicd they may judge unneceffary, and that they 
will weigh with impartiality the arguments which may be 
offered for their confideration, overlook any immateria! 
inaccuracies, which may have arifen throush inadvertency, 
and point out and refute with candour any miflukes which 
he may have fallen into, 


IT is now wellknown to aftronomers that the motions of 
Comets are regulated by the univerfal law of gravitation, 
and that they regard the Sun as the common center of all 
their motions, equally with the Planets, alibough they are 
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wiore numerous, and apparently diftind in fpecies from thew: 

The Planets, fince the difcovery of the Satellitesor Moons 

which attend fome of them, are generally,and with the bigheft 

reafon fuppoled to be inbabited Worlds. like the Earth.— 

Whereas it has been thought even by fome of the greateP 

modern aftronomers, that the extremes of beat and cold te 

which Comets are alternately expofed in the different parts 

of their orbits, are irreconcileable with the notion of their 

being fit habitations for any material race of beings what. 

ever. They are to ibis day regarded by the bulk of man 

kind, eitber as portentous meteors, exhibited only to 

threaten war, famine or peftilence to the inbabitants of the. 
Earth ; or as fiery globes which move. thro’ the Heavens 

ai random, and might fortuiteufly come acrofs the Earth in. 

2ts way, to it is no fmall detriment, if not to the deftruétion. 
of its inbabitants , or laftly as penal worlds, ordained to a 

perpetual chaotic flate, whofe inbabitants are condemned te 

be frozen and burned alternately, at their aphelia and peri- 

helia 5 agreeable to Milton’s idea of the punifbinent of 
apoftate fpirits 5 {peaking of whom be Jays, 


“They — feel by turns the bitter change 

Of fierce extremes, extremes by change more fierce, 

From beds of raging fire to ftarve in ice 

Their ioft zethereal warmth, and there to pine 

Immovable, infix’d, and frozen round 

Periods of time, thence burried back to fire.” 
Parapise Lost, Book IT. 
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THE firft of thefe opinions was exploded long age by 
Seneca ; who, inftead of regarding Comets as tranfient 
neteors, on the contrary ranks them with “* the eternal 
vorks of Nature.” The fecond diretily contradifls the 

| tdea 





( it ) 

idea of a divine fuperintendency, and falls of courfe, in the 
minds of thofe who entertain any juft apprebenfion of the 
providential.care of the great Author and Governor of the 
Univerfe. And as to the laft, with what colour of reafon 
can we fuppofe that the Creator would provide upwards of 
Sifty Worlds (for fo many different Comets and more there 
certainly are) folely for the punifbment of the incor- 
rigible inhabitants of five or fix Planets only 2 On the 
contrary does it not redound more to bis bonour, to confider 
thefe bodies as fo many inhabited Worlds, provided with 
every neceffary for the comfartable fubjiftance of innumera- 
ble inbabitants, rational and irrational, like the Earth ? 
Or as Dotter Young (/peaking of the CREATOR. 
and bis works) beautifully exprefjes bimfelf ; 


. * Darts not HIS Glory a ftill brighter Ray, 
» The lefs is left to Chaos and the Reahns 
Of hideous Night ? a 
: | Nicut Tuoucuts, Night 9. 





THE reader will find (in the introduétion) that the 
confideration of the fubject, in this light, was firft farted 
by Hugh Williamfon, M. D. of Philadelphia, in @ 
treatife that was publifoed in one of the weekly papers ; 
which, as it contained fome new thoughts, the purfuit of 
which (it was judged) would tend to the improvement of 
natural philofophy, frrft induced the Author to undertake 
the following Effay, upon a fubje@ indeed which, till then, 
he had but little attended to: He therefore hopes that, 
if any obfervations or reflections hall turn up, in the cour fe 
of it, which may merit the attention of his readers, and may 
have efcaped the notice of others, they may in [ome measure 
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atone for the many defeéis, of which Beis apprebenfive, and 
which are fubmitted to-thofe. who have made. greater pra- 
Jiciency in natural knowledge, than he pretends to, to rectify. 


DIVERS of the Author's. friends, who are gentlemen: 
of {peculation and learning, perufed the. Ejay in manufcripts 
upon whofe. approbation of it, and at whofe requeft, be-was. 
induced to confent to 18s publication: But ‘when’ the unex-- 
petted number of fubfevibers; and thew refpeciable charaéters 
in general, came tobis knowledge, bis difidence ofits title ta 
their favourable reception was naturally increafed, which 
would have excited in his mind a proportionable reluétance te 
its appearance abroad, left their expectations fbould be difap- 
pointed, had he not been fully perfuaded; thatthe greatef 
candour was naturally to be expetied from thofe who are 
the beft judges ef the fubjetl , efpectally, as the treatife con- . 
tains notking more than an attempt to difcover Jome phi- 
lofopbical truths, the knowledge of which may tend to pro- 
mote the caufe ef Science, and thereby may poffibly be of fome 
fervice to mankind. 


IT was with pleafure He found that Do&er Gowin 
Knight, £. &.S. had attempted io account for the 
phenomena of the tails of Comets from the fame principle 
which be bas endeavoured to eftablifo in the following 
pages, viz. a mutual repellency, fubffling between the 
atmofpheres of. ihe heavenly bodies : As the Deéior, 
when he wrote bis treatife, was engaged im the general 
Solution of all the. phenomena in Nature, by the help of two 


“univerfal principles, viz. Attraétion and Repulfion, be but 


Nightly touched upon the particular phenomena, now under 
confideration ; accordingly what he fays upon-the fubjed is 
very 





very fort, ‘being ‘included within'the compafs ofa fingle 
corollary, which arifes out of a ‘long chain of deductions i 


from the fappofed properties of an imaginary ‘repellent 
uid, uniformly diftributed throughout the infinity of 
fpace ; the exiftence of which, however probable, has never 
been proved: When the author wrote that part of the 
Effay which is confined particularly te this fubjeti, Dotior 
Knight's folution was entirely out of bts mind, if be bad 
ever feen it before. He therefore took a different courfe to 
eftablifo the principle, deducing it from the known pro- 
perties of air, areal fluid, the exiftence of which we are 
certain of, from the immediate teftimony of our fenfes, 


as we are of its properties from innumerable experiments. | 


This-element differs effentially from the Doéior’s -univerfal 
fluid, which indeed be fuppofes to confift of particles mutually 
repellent, like thofe of atr, but fo inconceivably rare, that 
a quantity’ of it fufficient ‘to' fill the whole Jpace occupied Dy 


the folar Syftem, might not weigh one fingle grain (Knight's | 


Effay,-page 15): Air, on the contrary, is a beavy fluid, the 
preffure: of which, merely. from its:gravity, 4s capable of 
giving great “pain'to thofe ‘who may attempt ‘to juftain its 
weight, im pneumatical experiments. 


HOWEVER, ‘it does’ not ‘follow, that if air, Cone 
fadered as a fiuid fui generis, is fufficient immediately to 
account for the phenomena before us, we foould therefore 
exclude the agency of another, upon whofe exiftence and 
properties (if proved) the properties of air iifelf may poffibly 
depend. By fuppofing fuch an univerfal repelient fluid, 
Dofior Knight bas very curioufly accounted for many of 
the phenomena of Nature, which are fo common as to be 
but little attended to ; fuch as fluidity, elafticity, mag- 
netifm, 3c. And, whether the. mutual repellency of the 

fs particles 
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particles: of air does (ashe Jappofes)or does mot depend upon 


the prefence of the fame fluid, the conclufion will equally 


follow that, The aerial atmofpheres of the heavenly 
bodies are mutually repellent. Nth a 
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CP ee is defired to make the following correétions, the neceffity and. 
propriety of which were not difcovered in feafon to fave him this trouble» 
i it hig ; 7 , ; 
In Page 22, Line 4, for, by the incumbent weight of the whole atmofphere, te 
read, by the weight of the whole incumbent atmofphere. In Page 38, Line 7, 
from the bottom, for, all fluids which tend, &c. to read, every fluid the feveral 
parts of which tend, &c. In Page 45, Line 8, from the bottom, for, atmofphere, 
to read, atmofpheres. In Page 78, Line 3, for, decreafe of its atmofphere, 'te 
read, decreafe of rhe denfity of its atmofphere. In Page 80, Line 37, to read, 
whereby the prefence of the Sun dy day ; and in Line 19 of the ‘fame Page, 
after the word Comet, to infert thefe words, viz, than when it is iv the remoter 
parts of its orbit. eo as ty beer 
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N the month of September, 1769, during the ap- 

pearance of a remarkable Comet, Doctor Hugh 
WVilliamfon of Philadelphia favoured the publick 
with a treatife on: the fubject of the following Effay, 
which was read before, and publifhed by order of the 
Philofophical Society in that city. This piece con- 
tained fome curious hints, well deferving the attention 
of the friends of fcience: Particularly, that Com- 
éts, as well as the Planets, may be baditable Worlds ; 
that the comfortable ftate the inhabitants of the various 
globes of the folar fy{tem enjoy, may not depend merely 
upon their feveral diftances from the Sun; and, that 
although the rays of the Sun may be abfolutely ne- 
ceflary to the very exiftence of planetary heat, yet the 
temperature of that heat may depend upon'the denfities 
of the atmofpheres furtounding the feveral globes’; 
whereby the Comets, even in’ their:aphelia, may be 
rendered comfortable habitations, by means of the vatt 
atmofpheres which attend them, and which, when they 
might become detrimental to their inhabitants, as when 
they are in the neighbourhood. of the Sun, are, by the 
momentum of the Sun’s rays; or by fome other caufe, 
thrown off to immenfe diftances behind them. 
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Tne perufal of this treatife occafioned the following 
attempt to eftablith the doétrine of the habitability of 
Comets, advanced therein by Doétor Williamfon. 


We differ indeed in our hypothefes to account for 
the phenomena of their tails ; but whichfoever may 
be the true one, all 4is conclufions, relative to the den- 
fities of their atmofpheres inthe various parts of their 
orbits, may equally follow. 


Tux Doétor’s bypothetis, which is the fame with 
Kepler's, fuppofes the atmofphere of a Comet, by the 
velocity and confequent momentum of the Sun’s rays, 
to be propelled through immenfe fpaces behind its 
body, whereby the tail is formed, which is rendered 
vifible by reflecting thofe rays. 


Turis, it muft be confeffed, feems to be as natural 
and eafy a folution as any one hitherto offered ; and 
might be embraced as fuch, had any one experiment 
ever been produced to prove the rays of light endued 
with any fuch power, even upon the meft minute cor- 
pufcles, or the moft rarefied:vapor. Sir Tfaac Newton 
paffes it by with little more than a bare mention, 
(Princip. under Prop. XLI. Book III.) which, as it is 
fo plaufible, ,is difficult to account for ; efpecially as 
he.fills pages to refute others, that are almoft felf- 
evidently abfurd. This hypothefis, however, has ne- 
ver been confirmed by any one experiment, ‘although 
an age has elapfed fince Kepler’s time, during which 
experimental philofophy has'been at its zenith. There- 
fore, as Mr. Profeffor Winthrop, in his leétures on 
Comets, obferves, “much ftrefs thould not be’laid 
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‘“¢ upon it, as: we know of no parallel inftance in na- 
“© ture to fuppore it.” - The hypothefis contained in 
this Effay is founded upon a mutual repellency, which 
is fuppofed to fubfitt’ between the feveral atmofpheres 
of the heavenly ‘bodies ; which is deduced from the 
repellency of the particles of air, of which the atmof- 
phere of the earth, and thofe which furround the other 
globes, are compofed.. That our atmofphere confifts 
of particles thus repellent, is certain from the. whole 
fyftem of pneumaticks, as no one experiment, in that 
ufeful, inftru@tive and entertaining branch of natural 
philofophy, can be performed, which does not depend 
upon this property of AIR. ‘That the Sun and 
Planets have fimilar atmofpheres, will appear in the 
following pages. 


Str Jfaac, after having “efiaed feveral, hypothefes, 
which had been raifed by others, to account for, the 
afcent of Comets tails: from the Sun; at length rather 
hints at, than fubflitutes one of his own; as he afferts 
nothing pofitively, but only offers a query for the con- 
fideration of his readers. | Therefore it is hoped. that 
nothing here: advanced. will be confidered as a vain, 
rafo attempt to confute that illuftrious author. , ** The 
“* afcent of fmoke in a chimney (fays he) is owing to 
*¢ ‘the impulfesof the air with which itis entangled. 
‘«< The air, rarefied by heat, afcends becaufe its {pecifie 
‘¢ gravity:is diminithed, and-in its afcent carries along 
“ with it the fmoke with which it is engaged.” (Prin- 
cip. ubi fupra)...To which he adds the follgwing query : 
‘¢ And why may not the tail of a Comet rile fami the 
‘¢ Sun after the fame manner $” Previous to an an- 
{wer ta this query, let us confider more particularly 
the 
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(oni) 
the caufes of the afcent of vapors in our atmofphere:’ 
It is indeed beyond doubt, that to the. caule above 


affigned, by Sir J/aac Newton, is in a) great -meafure 
owing the rife of fmoke from common firé ;-from 


‘which, if enkindled in the open air, it will curl up in 


broad volumes, {preading: as. -it rifes: ;. but-if confined. 
in a chimney, the rarefied air having but.oné way: to 
expand itfelf, viz. through the funnel, the more con- 
denfed air in the room below driving it, upwards, to- 
gether with the fmoke engaged with, it,:it,afcends in 
acftrait courfe, with a greater velocity, and — 
to.a greater height than when unconfined,. 


Bur this is not the fole, nor yet the principal caufe, 
ofthe afcent of vapors in general, but rather an. acci- 
dental one, which deta their velocity when already 
on the wing. For, really, the caufa fine qua non of 
their atcanes ina quiefcent atmofphere, is the difference’ 
of the fpecific gravities of ‘thofe: vapors,:and: the air 

they float in*; the former, being generally lightett, 
continue rifing till they arrive at that region of the at- 
fofphere in wile the denfities of both” are equal.— 
There'they gather and form into. clouds: there ‘they 
remain fufpended, or are driven by winds in directions 
parallel’to the furface of the Earth, -until fome-cafual 
rarefaction of the air, the meeting of contrary: winds, 
or of electrified clouds differently charged, caufe them, 
either to condenfe imperceptibly, and fall cin dewsjor 
géntle rains, or to ruth more violently together; and 
precipitate in fhowers, according to the nature of the 


caule by which they are actuated. The froke of a 
chimney 


® How they are generated, and detached from the forfaces of bodies, isa proper 


fubjeét tor an enquiry by itfelf, but forcign here. 





eBid 
chimney. is:for: the moft part ‘lighter than the circum- 
ambient-air it afcends: through, otherwife it would 
defcend again as foon as it could difengage itfelf from 
that column of air which carried it up ; in confequence 
of which, life would. be very uncomfortable in large, 
populous cities; for, at times, the air wich us is fo 
rarefied thatthe {moke-does in faét thus defcend, and 
hover juft aboverthe furface of the Earth, to the no 
{mall annoyance of the eyes. and lungs of thofe who 
breathe in fuch an impure medium. Were itneceflary, 
experiments in pneumaticks might be recited, which 
prove: that air) near the furface of the Earth, is in ge- 
neral-denfer, or heavier than the fmoke and other vapors 
which float. therein ;. which are here omitted, as it is 
prefumed the fact will not -bedifputed. 


Now, if the tail of a Comet rifes from its head, or 
rather from the Sun, in the fame manner as fmoke 
does from-firé with us, and from 4 fimilar caufe, the 
ethereal medium, thro’ which it afcends, muft be nearly 
of the fame denfity with the vapors of the tail ; other- 
wife the latter could not float in, nor get fo entangled 
with it as to be carried up thereby through diftant re- 
gions of the Heavens ; but that the tails may afcend 
tofuch amazing heights, as fome of them do, we mutt 
neceffarily fuppofe their {pecific gravities much lets than, 
that of the zther itfelf. | 


'Wuat then’ becomes of ‘the free celeftial {paces ’? 


in’ which Sir T/aac | fays,—** not only the folid bodies of 


the Planets and Comets, but alfo the extremely rare va- 
‘© pors of Comets tails, maintain their rapid motions with 
‘* preat freedom——without refiftance.” (Ibid.) Soon 

| after 
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after he adds, ‘‘—the tails—retaining their‘own pro- 
“* per motion” (i. e: the motion they had inscommon 
with their heads) ‘¢ and in the mean time gravitating 
** towards the Sun, muuft be revolved in ellipfes' round 
“¢ the Stn in like manner as the heads are, and by that 
‘* motion always accompany their heads.” Now, al- 
though the zther may be fuppofed fo extremely rare, 
as that the folid clobes may revolve’thro’ it for many 
ages, without any fenfible impediment, or, as Sir J/aac 
fays, ** above ten thoufand. years ;” ‘yet, as the tails 
mutt, upon this hypothefis; be:nearly of the fame fpe- 
cific gravity with that ether,’ how’ can vhey** maintain 
“their rapid motions through it without reffanceand 
“* revolve in ellipfes round:the Sun together with their - 
“‘ heads” ? That this is utterly impoffible, appears 
from the reafoning of Sir J/aac bimfelf, throughout the 
whole of his VII Section Principia Book HI. intituled, 
Concerning tbe. motion of fluids, and the refiftance made to 
projetied Bodies : According to which reafoning the 
projectile motions of thefe vapors would be very foon 
deftroyed, and the Comet in its regrefs’ from the Sun 
would neceffarily leavé them behind as they ‘tofe from 
the head, in confequence of the refiftance of this zthe- 
real medium : Therefore, whenever the Comer be= 
came vifidle, after the perihelion, tt would have a tail 
as before, but reverfed, appearing, like a‘ lucid beam, 
to ftream away from the head towards the Sun, till it 
were,confounded with the twilight. But,this.is con- 
trary to\all obfervations; for the projection of a Com- 
et's tails, after its perihelion as wellas before, is both — 
really and. apparently from the Sun, excepting a {mall 
deviation towards:the. parts,from whence: the Comet 
laft came : Which deviation is by no means owing 
to 
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to the refiftance of any medium it paffes through, but 
is perfectly confiftent with its feveral parts retaining 
the motion they had in common with their head when 
they began to afcend, and “* revolving freely in ellipfes 
«round the Sun together with their head.” For, the 
remote parts of the tail making a larger {weep through 
the Heavens than their head, while the latter takes a 
fhorter turn round the Sun at its perihelion, muft ne- 
ceffarily be longer in defcribing the fame angular mo- 
tions round the Sun than the globe itfelf, confequently 
muft be deflected from the dire€t oppofition to the 
Sun, and the whole tail be incurvated towards the pe- 
rihelion pofition lately paffed ; and this upon the fup- 
pofition that both head and tail move free/4y through a 
perfect vacuum. This incurvation of the tail leflens as 
the Comet recedes from the Sun, “till at length it re- 
covers its oppofition as at firft. Now, as thefe phe- 
nomena agree perfectly with the motion of a Comet’s 
tail through fpaces word of refifance, they are utterly in- 
confiftent with the fuppofition of its moving through 
a mediumy of equal or greater denifity than itfelf, or in 
any other refifting medium whatever ; for according to 
this celebrated author (Princip. Sect. VII. Book IT. 
Prop. XXXVIII. Cor. 4.) if the head or folid globe 
of the Comet moved in a fluid of the fame denfity 


with itfelf, it would lofe half its motion before it could. 


defcribe the length of two of its diameters, confe- 
quently it would foon lofe the whole. The vapors 
of the tail rifing (upon his hypothefis) in a medium of 
nearly the fame denfity with themfelves, would in like 
manner, from the refiftance of that medium, lofe-all 
the projectile motion they derived from the head, full 
as foon-as the head would lofe its own motion in the 
former cafe. Sir 
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Sir [aac concludes faid VII Section with the follow- 
ing words, ‘* The reffiance in every fluidis.as the mo-— 
‘* tion excited by the projectile in the fluid; and can-— 
“¢ not : lefs in the (ee fe ether, 4 Lihep roportion to the 

* water, and quick- 


fe fluids,” 






follows, that the ; 
cethereal {paces through which the extremely rare-vapors 
of aComet’s tail se freely with its headin ellipfes round 
i the Sun, mult be perfect vacuums as to all the purpoles 
of re/iffance ; and confequertly, that the rays of light 





: themfelves in no wife impede the fr cedom of their mo- 
f tion, even when in the neighbourhood of the Sun. 

( : ° F % . ; . 

f Aut that is defired of the reader is, that he will _pe- 
i rufe the following fheets with candour, and not. pro- 
t nounce fentence until he has fairly weighed the evi- 
f. 

[ dence produced in fupport of the fever < propofitions 
‘ therein contained ; upon the ftrength, or through the 
i 


deficiency of which, they mutt ftand or fall. : 
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COMET cenfifts of two parts which 
fall under our obfervation, viz. a folid, 
{pherical, opaque body, which, like the 


planets, fhines by refleCting the light of 


the Sun, and no way differs in appearance from a 
planetary globe ; this is by aftronomers called the 
nucleus: Alfo a very extenfive atmofphere ; which, 
from the form it ufually exhibits to us, is called the 
tail, and commonly exhibits a faint beam of light, which 
diverges as it recedes from the head, and often appa- 
rently extends thro’ diftant conftellations, when it nearly 
refembles thofe momentary corrufcations which fhoot 
upwards from thehorizon towards thezenith,during the 
appearance of an aurora borealis,or northern light. This 
tail increafes in length as the Comet approaches the 
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Sun, ef vice verfa; and its direction is always nearfy 
in Oppofition to the Sun. Sometimes indeed the 
cometic atmofphere affumes a different form, fur- 
rounding the nucleus equally on every fide like a 
thin cloud or mift, or, as fome have fancied, like a 
buth of hair ; whence the Comet has been denomi-. 
nated crénite or hairy. The latter is the ufual appear- 
ance of a Comet when firft difcovered in its defcent 
toward the Sun, provided the Sun and Comet be in 
oppolite hemifpheres ; and may take place in fome 
other fituations, agreeable to the rules of optics, even 
when to fpectators in other parts of our Syftem, the 
Comet may exhibit a tail of an enormous length. 
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Ir has been fufficiently demonftrated by Sir J/aac New- 
ton, Dr.Halley,and others, that thefe bodies are, in com- 
mon with the other globes of the folar fyftem, fubject 
to the law of mutual gravitation, and that they regard 
the Sun as their common center of gravity, and con- 
fequently move round him in conis-feczions, catrying 
their atmofpheres or tails along with them. Their 
orbits differ widely from circles on the one hand ; on 
the other, fince the difcovery of the Newtonian method 
of computing their trajectories from obfefvations, they 
have never been found to deviate into byperbolas ; and 
though their obferved places, in the {mall parts of their 
orbits in which they are vifible to us, agree with their 
computed places, upon the fuppofition that they move 
in parabolas ; yet, as the periodical revolutions of fome 
of them have been afcertained by their regular returns 
after certain intervals, it is agreed by aftronomers, that 
their paths are truly e/iptical, though very excentric ; 
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fuch elipfes, ‘near the extremities of their tran{verfe 
axes, differing but infenfibly from parabolas. Alithat 
is attempted in this Effay, is, 


t.. To account for the phenomena of the tails of 
Comets, upon philofophical principles : And then, 


2. To point out fome ends to which they feem 
adapted, and for which they are probably defigned. 


Sir Dfaac Newton has fufficiently proved that thele 
tails confift of a fluid matter, extremely rare, emitted 
from their heads upon their approach to the Sun, 
which is rendered vifible by reflecting his rays *: But 
what caufe there may be exifting in nature, capable of 
projecting the cometic atmofpheres through fuch im- 
menfe fpaces, is a queftion which ftill remains to be 
folved, no fatisfa¢tory account having hitherto been 
offered to the publick. In order therefore, to a ra- 
tional folution of this curious phenomenon, the tail of 
a Comet, the following propofitions, obfervations, &c. 
are fubmitted to the candid perufal of the reader : 
Firft premifing, that when a fubje@t, under confider- 
ation, is in its nature purely phyfical, it is to be pre- 
fumed that ftri@, mathematical demonftration will not 
be expected. 


We fhall now endeavour to prove the following 
propofitions, 


First, Tuar the primary Planets, the Comets, 


2nd the Sun, are all furrounded with atmofpheres. 


SECONDLY, 
* Priteip. Book IIE, under Prop.LXLI, 
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SeconpLy, Tuart thefe atmofpheres confilt of the 


fame fluid with the atmofphere of the earth, viz. Air. 


TuirpLy, Tuat they are mutually repellent to 
each other ; as the globes they furround are in a ftate 
of mutual attraction or gfavitation. | 


I. As the proof of. the exiftence of the: at- 
mofpheres of the Sun, Planets and Comets depends 
upon a variety of aftronomical obfervations, it is ne- 
ceflary to be particular as to each of them. 


Anp, & That the Zerth we. inhabit (which 4s a 
Planet vaftly inferior, both in bulk and fituation, to 
fome others) has one, we have the beft evidence poffi- 
ble, viz. the teftimony of our fenfes ;. befides, we all 
know, that the air, which every where furrounds the 
Earth, is effential to the breath, of dife. 


2. Tuat Mars has an atmofphere, and that very 
extenfive, has been demonftrated from the occultation 
of a fixed Star by that Planet*; as the Star vanifhed 
at a diftance from, or without ever arriving at a vifible 
contact with his limb ; as was obferved by €a/ini, 
October 1ft, 1662. The like was obferved after the 
fame occultation, by M. Roemer, at Rome, the Star 
not being vifible after the tranfit till ata diftance from 
his limb. 


3. FJUPIT E R’s belts are in a fluctuating ffate, as 
they frequently vary their form, fize, and fituation ; + 
which cannot be accounted for, unlefs we fuppofe them 

. £0 
* See Smith’s Opticks, Vol. II, Page 430. 
T Idem, Page 4.33. 






































(' 3 2) 


to be clouds and exhalations, floating in an atmofphere 
which furrounds his globe. + 


4. Some belt-like appearances were difcovered in 
Saturn by Mr. Hadley through his five-foot reflecter, 
and by Mr. Pound through Hugenius’s glafs, though 
they appeared very faint, ashe is fo remote}; which 
belts are probably in the fame fluctuating. ftate as 
thofe of Fupiter, and arife from fimilar caufes. 


5. Tuat Venus hasan atmofphere may alfo be 
inferred from the variable fpots which have been ob- 
ferved upon the face of that Planet, 4| which are pro- 
bably of the fame kind with the belts of Jupiter, or 
the clouds which float in our own atmofphere, and, 
confequently,have a fimilar one to fuftain them|. But 
for proof of its exiftence we need go no further back 
than the late tranfit of Venus over the Sun’s difc, azne 
1769.; when the atmofphere itfelf was vifible, and 
that in different fituations, to obfervers in diftant 
parts. * 


6. MERCURY is too near the Sun to favour us 
with fuch obfervations ; but if we fuppofe his globe 
inhabited, he doubtlefs ftands as much in need of an 
atmofphere as any other Planet, and has as important 


purpotes to be ferved thereby. 
7. LHAT 


+ Sir Ifaac Newton fays thefe belts “ are formed in the clouds of that Planet.” 
Princip. Book III, Lemma Prop. XXXIX. 

tS. Opt. Page 441. || Idem, Page. 427. 

4 Were thefe belts, fpots, &c. really adhering to, and parts of their refpective 
globes, they would always appear invariably the fame, in the fame fituations, 
as thofe of the Moon do ; in which no atmofphere has-yet been difcovered. 

* See Tranfa&tions of the American Philofophical Society of Philadelphia, Page 
42. Alfo Obfervations by Mr. Benjamin Weft at Providence, N, E, Page 16. 
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7 Tuar the Comiets are furrounded with at- 
mofpheres is already taken for granted, becaufe felf- 
evident. Sir-J. Newton, from various obfervations, 
concludes that their diameters are, one with another, at 
leaft equal to ten diameters of their nuclei or folid 
globes. Se 


8. Tat the Sun has an.atmofphere, and that 
proportioned to his amazing magnitude, is rendered 
highly probable by the macular appearances, or {pots 
frequently difcovered upon his dife’: Which, as they 
often fuddenly break out, and-as fuddenly difappear, 
and fometimes vary their fhapes, even when under 
the eye of the obferver ; can be no other ‘than’ huge 
clouds of fmoke, or ‘other vapours floating in fuch 
atmofphere'; huge indeed ! as they frequently ex- 
ceed the whole fuperficies of the Earth. Mr. Derbam, 
who was peculiarly affiduous ‘in obferving them, has 
afligned a caufe, to which their phzznomena accurately 
agree. He fuppofes them to be immenfe volumes 
of fmoak, belched forth by volcanoes or fiery erup- 
tions, which are frequently breaking out upon his 
furfacet. Thefe fpots, when large, fometimes con-’ 
tinue during a whole revolution of the Sun round his 
axis, or about twenty-five days ; and it is from the 
regular returns of fuch {pots to the fame part of 
his dife again that this revolution has been determined. 
But fuch ‘clouds, were they not fupported by an at- 
mofphere, would tumble down again upon the Sun 
prefently after the explofions which raifed them were 

3 over, 
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+ See Princip. Book III. Prop. XLI. 
t See Jones’s Abridgment of Philofoph. Tranf. Vol. 1V. Page 238. 
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over, as we fee vapors emitted in an exhautfted receiver, 
for want of air to fuftain them, fink down to the bot- 
tom of the receiver. 


dI. We. fhall now endeavour to prove that the 
planetary, cometary, and folar atmofpheres, confift of 


the fame elementary fluid with the atmofphere of the 
Earth, viz.. 4/7 R. 


Air isa fluid, which when pure is tranfparent, and 
in the higheft degree elaftic, being indefinitely com- 
preffible and dilatable ; which qualities are truly cha- 
racteriftic of it, as we know of noother fluidto which 
they belong. 


Ir may be neceffary to obferve here, that upon our 
globe, which (as already obferved) is itfelf a Planet, the 
prefence of air is neceffary, both to the prefervation of 
animal life, and tothe exiftance of fame: For ina 
glafs receiver, {mall animals die, and candles eo out, 
immediately upon the air being exhaufted; uponair 
alfo feems to depend the explofive power of enkindled 
vapors ; for gun- powder itfelf,one of the moft powerful 
agents hitherto invented by theart of man, if fired by 
an hot Iron in vacuo, will confume away,but never flath, 
nor explode ; and it is generally agreed by thofe who are 
acquainted with experimental philofophy, that this vi- 
vifying, inflammating quality of air, depends upon its 
elafticity, or the active, contrifugal power of its par- 
ticles, to be confidered under the next general head, 
This being premifed, we proceed to prove, 


Firft, THar the atmofpheres of, the feveral globes 
of 
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of the Syftem confit of tranfparent fluids: Thetruth 
of which will be fufficiently evident, if we confider the 
feveral phenomena by which they were difcovered. 


Drtcant ined : 3 


Ir has already been fhewn that Mars is furrounded 
with a very extenfive atmofphere ; which, had it not 
been tranfparent, mutt have efcaped the notice of af 
tronomers during the time of the occultation of the 
ftar before mentioned ; for were it opaque, it would, 
by reflecting the Sun’s rays, as well as by its want of 
tranfparency, have hid the Planet itfelf, and by the ob- 
fervers have been confounded with it +; in which cafe 
the moments of the occultation of the ftar, and of its 
vifible contact with the limb ofthe Planet, would have 
been the fame ; whereas the difappearance of the ftar 
before any fuch contact could take place, is a demon- 
ftration of the refraction of its rays in a tranfparent 
medium, with which the Planet is furrounded. : 
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Tue changes which are obfervable in thofe flu@u- 
ating collections of heterogeneous matter, of which 
the belts and fpots in the other Planets, and the Sun 
confift, for the fame reafon, could never have been 
difcovered,were they not fuftained in tranfparent fluids, 
above the furfaces of their reipective globes. 
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Tue tranfparency of the cometic atmofpheres is un- 


deniable, as their nuclei are frequently feen thro’ them, 
although they occupy {paces equal to many diameters 


of the Earth ; and the {malleft ftars are vifible throuch 
the 
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+ In like manner, as Sir I. Newton concludes, (Prin. B. JII. Lemma IV.) that 
“¢ the Earth, ifit was viewed from the Planets; would without all doubt fhine 
¢¢ by the light of its Clouds.” ; 
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the tails which proceed from, and are only expanfions 
of them ; in which’ tails we have ocular demonftration 
of a moft furprizing dilatability ; from whence their 
recompreffibility and elafticity may be juftly inferred 
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Secondly, AuTHOUGH there are no obfervations in 
the records of aftronomy which preve this elafticity in 
the planetary atmofpheres ; yet, as the Planets are with 
the higheft reafon fuppofed to be inhabited Worlds, 
the prefumption is at leaft very ftrong, if thort of a 
demonftration, that their atmofpheres are defigned to 
an{wer purpofes every way fimilar to thofe which are ef- 
fected by the atmofphere of the Earth, and that they are 
endued with all thofe properties, which are, with us, ne- 
ceffary to the prefervation of animal Life ; confequently 
that they are elaftic, as well as tranfparent, and alto- 
gether like our air. | 

Tue atmofphere of the Sun is, by his exceffive luftre, 
hid from our view ; but if we confider him as an im- 
menfe flaming globe, kindled upto warm and en- 
lighten the whole fyftem, we may well fuppofe that he 
has.a large fhare of that fluid, without which (as before 
obferved) fcarcely any flame can fubGitt with us 
for a moment. Some Authors indeed are of 
Opinion, and not without reafon, that the Sun is 
not a body of fire, as commonly fuppofed ; Doétor 
Knight in particular, in his curious treati@ of at- 
traction and repulfion, as two univerfal principles, by 
which he endeavours to folve all the phaenomena iin 
nature, feems to be of opinion, that the inhabitants 

ofthe Sun (if inhabited) are in as much danger of 
D fuffering 
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iuffering from cold, as from exceffive heat *.. But of 
whatever fubftance the body of the Sun may _ confift, 
Mr. Derham has, by his obfervations, put it beyond 
all reafonable doubt, that the macule and facule, or 
the darker and brighter fpots obfervable at times upon 
the Sun’s difc, are really owing to the burfting of vol- 
canoes ; “* the facule being only the appearance of 
‘«* the flames, after the denfe {moke attending the ex- 
*¢ plofions is difipated,or remayed to a diftance from 
“ them +.” Now there is no reafon to doubt but 
that, upon our globe, air is as neceffary to the flames 
of Aitna and the eruptions of Veluvius, as to the 
fmaller blaze of a candle, or to the explofion of gun- 
powder ; may we not then rationally conclude, that it 
is equally neceffary to,thofe aftonithing volcanoes in 
the Sun? 
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Ir is now proved, as far as the propofition is in the 
nature of it capable of proof, that the celeftial bodies 
are furrounded with atmofpheres, and that thefe at- 
mofpheres confift of tranfparent elaftic fluids, like the 
air furrounding this Earth. It remains that we prove, 


% See faid treatife, Page 58 ; in which are thefe remarkable Words: Speak- 
ing of the Sun and fixed Sars, he fays, ‘* Their Globes are no longer 
“¢ frightful Gulphs of Fire, but inhabitable Worlds ? Thofe Philofophers 
“‘ who thought them too hot for the Habitation of Salamanders, and 
«© thofe fublimer Genii, who thought them to be Hells, will now per- 
« haps be in Pain, left the Inhabitants fhould freeze with Cold”.----- 
However, Doétor Knight concludes from his own principles, that the Sun has 
an immenfe aerial atmofphere condenfed round him; for in the preceding 
Page 57, he fays, ‘ The vaft Weight of the Sun’s Atmofphere muft make 
‘¢ the Denfity of the Air fo great near the Sun’s Surface, that what would 
“¢ create a Sound fcarce audible with us, would there produce a very Joud 
“6 Noife.”” 
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+ See Jones’s Abridgment of Phil. Tranf. before cited. 
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HI. ‘TaHav thé atmofpheres of the Sun, Planets, 
and Comets are mutually repellent toeach other ; as 
the folid globes they furround are in a ftate of mutual 
attraction or gravitation. 


Ir muft here be obferved ; that in reafoning 
upon gravitation, the great Author of the prefent phi- 
lofophical fyftem of the Heavens argues downward 
from the greater to'the leffer, from Worlds to Atoms ; 
thus, finding by mathematical deductions, compared 
with aftronomical obfervations, that all the globes of 
the folar Syftem, Sun, Planets and Comets gravitate, 
or have a mutual tendency towards each other, and 
that this reciprocal attraction is proportional to the 
quantities of folid matter they refpectively contain ; 
he very juftly concludes, that every fingle particle in 
any one of their folid maffes both attracts, and is 
attracted by, every other particle of matter, contained 
in every globe throughout the folar Syftem.* 


Bur as the Heavens exhibit no phenomena from 
which we can, directly and with equal certainty, infer 
the exiftance and univerfal extent of the contrary 
principle of repulfion, as fubfifting between the at- 
mofpheres of the heavenly bodies ; we are here 
obliged'to ufe a contrary method, and to reafon up- 
ward from the powers and properties which, by their 
effects, we difcover to belong to thofe parcels of air 
upon which we can make experiments ; to the effects, 
which the fame powers and properties would naturally 
produce, in thofe vaft collections of air, which con- 
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ftitute the atmofpheres of the feveral globes ; and if 
by. tracing the neceffary operations of thefe powers, 
flep by flep, we can at length arrive at any of the 
grand pheenomena of nature, we may with the higheft 
reafon conclude, that thefe phanomena are the effects 


of thofe powers. : 


We fhall therefore endeavour to prove from authors 
of the beft credit, or from experiments which any one 
may try at his leifure, 


i. Tuat there is a mutual repellency fubfitting 
between the particles of air, whereby they continually 
endeavour to recede from each other ; in confequence 
of which, that fluid is indefinitely dilatable from the 
centrifugal activity of its particles, as well as com- 
preflible by any foreign power. 


Tue honourable Rodert Boyle, Efq; found by expe- 
riments, that air might be fo rarefied as to occupy 
13769 times the fpace it fills when in its natural 
{tate near the furface of the Earth {5 other experi- 
ments prove, that it may be fo condenfed, as to be 
contained in zs part of the fame {pace *, therefore 
multiplying 13769 by 60, it appears, that the cubic 
{pace it is capable of filling, under different circum- 
itances, may be as 826140 to 1, Butthe cube root 
of 826140 is 94 nearly ; therefore the central diftances 
of the particles from each other, as difcoverable by 
actual experiment, may be as one to ninety-four, and 
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t See Shaw’s Abridgment of Boyle, Vol. T, Page 551. 
* See Martin’s Philofophical Graminar, Page 7h. 
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Moreover, Sir J. Newton from experiments con- 
cludes this repulfive power to be fo great, as that a 
cubic inch of air, condenfed as it is with us,if removed 
one femidiameter of the Earth above its furface,where 
it would be free from the preflure of an incumbent at- 
mofphere, would fo expand itlelf by .virtue. of this 
power, asto fillthe whole fphere of Saturn’s orbit. ; 
nay he adds, ‘* and far beyond it” +. 


2. Tuis mutual repellency of the. particles of air 
is greatly increafed by heat. For if a bladder not more 
than half filled with air,be tied up tight,and laid before 
the fire, the additional expanfive power, which the air 
contained therein acquires from the heat, will fwell the 
bladder to its utmoft extent, and will at length burit ic 
with an explofion. 


3. Tux particles of air, although mutually repel- 
lent amongft themfelves, are with regard to other mat- 
ter, in the common ftate of gravitation or attraction. 
This 18 evident from their being condenfed in the form 
of atmoipheres round the folid globes of the Syftem, 
and attending them through all their revolutions. 


4. Tne mutual repellency of the particles of air 
is indefinitely greater, in proportion to the quantities 
of repelling matter, than the mutual attraétion, fubfit- 
ing betwixt the folid particles of attracting matter. 


Tue truth of this propofition will appear, at leaft 
highly probable, if we confider that the quantity of 


+ Princip, Book III. under Prop, XUI, 
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matter contained in our air near the furface of the 
Earth, and which gravitates’ in conymon with other 
matter towards its center, is fo fmall, tho’ condenfed — 
by the incumbent weight of the whole atmofphere, _ 
that one quart of it weighs no more than eight grains, 
as appears from experiments; yet fo'gréat is the re- 
pulfive power of its particles, that a {mall quantity of 
it, condenfed by art in the barrel of an air-gun, of the 
fize and bore of a common fowling-piece,is fuficient, 
when permitted fuddenly to expand itfelf through the 
tube, to difcharge a mufket ball, in the fame manner 
as fired gun-powder, the. noife excepted, and with the 
like fatal effects. — . | 


We fhall now proceed to prove the following pro- 
pofition, viz. Iftwo corpuicles of matter be in a {tate of 
miutual.repulfion at any givendiftance, asf. B. Fig.t. 
where. they repel each other with a given force, fay 
==1, and this repulfien:décreafes,either as the'diftances 
Ac, Ad, Ae, Af, ®&e. or asthe fquares, cubes, or any 
higher powers: of thofe diftances,, increafe, the, extent 
of that repulfion: is: indefinite. 


For fuppofe 4 and’'B to be two'fuch particles re- 
pelling’ each other at the diftance 4 B’ with ‘a force 
= 1. continue the line’ 4 B indéfinitely through the 
equidiftant points “c, d, ¢, &¢. let the paiticle Abe 
fixed, B movable :. Let us fuppofe this power_to de- 
creafe,, 1{t, fimply, as the-diftances-increale.; then, if 
we fuppofe the particle B to move fucceffively through 
¢, a, e, ec. this power,at thofe feveral:dittances, will be 
as 
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as follows, viz. at c= i,atd= 4,ate= 4,8c.in infinic. 
2. If it decreafe 
as the fquares p.c= 4,atd= 5,at ¢=rz, &c. in inf. 
increafe,itisat 
pie eres srt pst 


aoe, poatd =77,at ees, &c. in inf, 
it is at - - 


fasthe biqua- 1a 
4 OH C= elatd =s.,at e=22¢,&c. in inf, 
drates, it is at 


&c. onwards indefinitely. 


Now whatever the diftance affigned between the 
two particles may be, and whatever may be the index 
of the power which exprefles the ratio of the decrea‘e 
of their repulfive force, this force will in every cafe 
be expreffible by a fraction whofe numerator is 1, 
and its denominator equal to the given diftance, in- 
volyed according to the.index of the given power, as 
is evident from infpection of the foregoing fractions 
as they ftand. Jt can never, therefore, become equal 
to nothing, until the denominator of the fraction be- 
comes infinite, which never can be at any aflignable 
diftance, however great ; therefore, the extent of this 
mutual repulfion is indefinite. Q. E. D. 


In mathematical reafoning, the {malleft quantities 
are not to be difregarded, unlefs fuppofed {maller than 
any affignable, as in fluxions, &c. ;, for, as all che 
huge maffes of the folar Syftem,are compofed of par- 
ticles of matter inconceivably fmall, fo their me- 
chanical effe¢ts upon. each. other are proportional co 
the numbers of fuch component particles they jre- 
{pectively contain ; and though che mutual. effets of 

two 
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two fingle particles, at any given diftance, might be 
indefinitely fmall, yet we may eafily conceive, that, 
when ‘indefinite numbers of fuch particles are confoli- 
dated into one mafs, and exert their influence from 
a common center, that ¢hat influence may be as exten- 
five as the folar Syftem, and perhaps as the materia] 
univerfe. Thus the Sun,.by the united attractive 
forte of bis conftituent particles, regulates the motions 
of the Comets, even: at their aphelia, where their 
diftances from him confound the human imagination ; 
amounting in fome of them to many thoufands of 
millions of miles ; yet, at thofe amazing diftances 
from the Sun, they are by his influence retained in 
their proper orbits, without any deviation, till at length 
they are brought back to him again, many of them 
after excurfions of fome hundreds, and pofibly fome 
of them after thoufands of years ; in effecting which 
every particle of matter in the Sun, however fall, 
beats a part. 


‘On the other hand, the atmofpheres of the heavenly 
dodies confift of particles mutually repellent ; not 
confolidated indeed, as that would be incompatible 
with the nature of the fluid compofed of them, but 
each, in confequence of.the mutual attra¢tion between 
its conftituent particles and the globe it furrounds, 
condenfed into a fluid mafs. 


In this cafe alfo, though the mutual repellency be- 
tween two fingle particles might at a given diftance 
be indefinitely {mall, yet the influence of two fuch 
mafles upon each other, when thus condenfed, may 
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‘be as extenfive as in the former cafe of attraction. 
The tinited repulfive force of the particles in each, 
would in like manner exert itfelf.as from their com- 
mon center. 


Ler us, for illuftration of the fubjeét, fuppofe this 
tepellent power between the particles A and 5, Fig. 1, 
to decreafe as the fquares of the diftances increafe, 
then at a diftance equal to 100000000 A B, or, in 
other words, fuppofe the particles A and B removed 
one bundred millions of times further afunder than 
reprefented in the figure, the repulfive force would 
then be equal to PSSSESCS SETS SUGGS or to one fex- 
ihoufand-million-millionth part of whatit is atthe fimple 
diftance AB; which, though fmall indeed, is yet 
fomething, for the fame diftance remaining, viz. 
100000000 A B, if ten thoufands of mitlions of millions 
of fuch particles of equal bulk and repellency were 
condenfed round the point A asacenter, then the 
repulfive force between the mafs at A and the particle 
B would be equal to that between the two fingle par- 
ticles A and B, at the diftance AB once mare, 
fuppofe the fame diftance, viz. rooocccco A B to 
remain, and the particle B to have the fame number 
of repellent particles condented round it, as we have 
already fuppofed, to be condenfed reund A ; then the 
repulfive power fubfifting between the two. mailes 
would be zen thoufands of millions of millions ot times 
‘greater than between thetwo particles 4 and B, atthe 


diftance 4 A. 


We have feen that air confifts-of particles thus re- 
pellent; nor can we difcover any bounds to that re- 
k, pellency 
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pellency by any experiments‘we can make ; and ifto 
other experiments we add Sir Jfaac Newton’s réafoning 
from fome of ‘hisown, we muft conclude them inde- 
finitely fo, and confequently that their repulfive force 
decreales regularly according to fome certain ratio of 
the increafe of their diftances, viz. either as the difances 
Simply, oras their fquares, cubes, or fome other powers 
thereof. 


ir feems moft agreeable to mathematical reafoning, 
to fuppefe, that all powers, whether attractive or repel- 
Jent, which a& in right lines, to, or from the centers of 
the attracting or repelling ‘bodies, areiproportioned to 
the inverfe:ratio of the /guares of the diftances of ‘their 
centers. For,if we confider thefe powers as reprefented 
bylines,or rays,converging-from every:point of the vifi- 
ble concave of the Heavens toa given point .as.a center 
in cafe of attraction, and diverging equally from faid 
center in cafe of repulfion ; and fuppofe a corpufcle of 
matter to:be:placed in any part of that fpace, the num- 
ber of fuch rays, intercepted by, and falling upon faid 
corpulcle, whether they were converging or diverging, 
would be iz that ratic, viz. inverfely as the /quares of the 
diftances of faid corpufcle from fuch central point. 
Thetruth of this affertion is capable of the -mott fim- 
ple mathematical demonftration ; which may-be here 
omitted, as it has beeralready fufficiently demonftrated 
by others : Upon it indeed depends the-truth of Sir J. 
Newton's pofition, viz. that * the denfity of the Sun’s 
‘‘ rays 1s reciprocally as the /quares ofthe -diftances 
‘* from the Sun” ; from whence he deduces the propor- 
tions of light and heat, enjoyed’by the feveral Plancts 
of the Syftem. 
Ir 


Lis this ku bodohadel 





(age |) 


Ip weconceive fuch fuppofed rays to move with a 
uniform velocity, and to be attended with any mo- 


memtum whatever, whereby, when converging, they. 


impel the corpufcle to, or repel it, whendiverging, from 
faid central point ; as the whole momentum would 
be proportional to the number of the intercepted rays, 
the tendency of the corpufcle to, or from the center, 
that is, its attraction or repulfion would alfo be in the 
aforefaid ratio. That the attraction of gravitation is 
regulated by this law, aftronomical obfervations futh- 
ciently demonftraie. 


But Sir — Newtow concludes from experiments, 
to which all theoretic opinions muft ever give way, 
that the mutual repellency between the particles of air 
is reciprocally as their diftances only, or ‘* nearly io.” * 


Ir this be the cafe, the phyfical effects of two par- 
ticles, and confequently of two fluid maffes compofed 
of fuch particles, wpon each other, mutt be vet vafily 
greater than if it were reciprocally as the /guares of 
the diftances, as we before fuppofed, as will evideatly 
appear upon infpection of the following fcheme 5 in 
which the fir? feries reprefents the diftances, increaling 
in arithmetical progreffion ; the fecond, the repellent 
force, decreafing as the diftances increafe only , the 
third, the fame force confidered as decreafing aceord- 
ing to the increafe of the /guares of the diftances ; 
thus : AB 
Difances — — @©—1—2—3—4—5—6-—7—8 
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Here it is evident that at the diftance 3 4B, if 
the repellency decreafed only as the diftances ificreafe, 
that that force would be equal to} ; but if it decreafed 
as the /guares of the diftances increafe, it would at the 
fame diftance be equal only to =; at the diftance 
5 AB, in the former cafe, it would be 4, in.the latter 
ss 3 if at the diftance 8 4B, in the former it would 
be 3, in the latter sz, &c. But gis the fquare-root 
of o or 7 of 2, 2 of zs, and 4 of 4, &c. 































Ir therefore follows, that if this repellent force 
does actually decreafe fimply as the diftances increafe, 
the quantity of it at any given diftance is greater, in 
the direct ratio of that diftance, than if it decreafed in 
the ratio of the /quares of the diftances'; confequently,, 
the fenlible effects of two fuch fluid mafles, condenfed,, 
as we have already fuppofed, round the particles 4 
and B, would be proportionably more extenfive, 


Now, what arethe atmofpheres of the Sun, Planets 
and Comets, but vaft collections’ of thefe repellent 
particles of air, condenfed round their refpective 
globes, by the mutual gravitation fubfifting —be- 
tween them, in like manner as we have already fup~ 
pofed them to be condenfed reund the cerpufcles 4 
and B (Fig. 1.) ? But if, according to Sir 1 Newiou, 
fo fmall a quantity as a cubic inchof our air, if left 
to itfelf at the height only of one femidiameter of the 
Earth, might exert this force, fo as to fill the whole 
fphere of Saturn’s orbit; it demonftrably follows,that 
the atmofpheres aforefaid,whicli confit of huge mafies 
of the fame fluid, may extend. their inflaences as far 
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at leaft ; and though the condenfation of each round 
its own globe, by virtue of their mutual gravitation, 
would prevent the {cattering ofits component particles, 
and confounding itfelf with the atmofpheres of the 
neighbouring Planets (as would undoubtedly be the 
cafe, however great their diftances might be, did the 
caufe of that condenfation ceafe) yet itis by no means. 
impofiible, nor yet improbable, that under fome cir- 
cumftances,the phyfical effects of two fuch atmofpheres 
upon each other may become very apparent : For if 
we fuppofe two equal Planets with their atmofpheres 
(as 4 and B Fig. 2) to pafs near to each other, thefe 
atmofpheres being fluid, and that in the higheft con- 
eeivable degree of fluidity, would give way to the 
leaft degree of external force, and in confequence of 
their mutual repulfion would recede from each other 5 
but the attractions of their refpective globes would 
prevent their leaving them wholly, while each would 
fo far retire, as to be depreffed in the parts next the 
other, and to {well out in the oppofite parts, changing 
their fpherical figures to two oblong fpheroids as at G 
and D (Fig2.) But this is faid upon the fuppofition 
that both the globes and their atmofpheres are equal, 
each to the other refpectively. Whereas, if we fup- 
pofe the body 4 to be an immenfe globe like the Sun, 
having an atmofphere proportionably large, * and 

confequently 


* The folar atmofphere is denfe enough at the’ height of feven or eight thoufand 
miles, or 1-137th part of the Sun’s diameter above his furface, to fuftain 
thofe huge clouds of {moke which appear to us like fpots upon hisdifc. See 


Mr. Proteflor Wintbrop’s Cogitata de Cometis, Page 25. If therefore the - 


atmofphere of the Sun confifts of air, as we have endeavoured to prove it does, 
and the folar clouds and vapors are fimilar to our own, and, like them, require 
a certain denfity of air to fuftain them in equilibrio, it follows, that the denfity 
«f the air in the Sun’e atraofphere is ag great at the height of 7000 miles 

above 
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confequently containing many thoufands, and perhaps 
fome millions of times the quantity of this repellent 
fluid contained'in the atmofphere of B ; which we may 
now confider as a Comet, of equal magnitude with the 
Farth, but farrounded, like other Planets of the fame 
fpecies, with an atniofphere of ereat extent, when 
compared with the magnitude of the globe irfelf ; 
and if we fuppofe alfo the vifible effects of the mutual 
repellency of thefe atmofpheres to be reciprocally as 
the quantities of the repellent Auid contained ia them, 
the atmofphere of the Comet might be prodigioufly 
lengthened when in the neighbourhood of the Sun, 
and repelled to great diftances behind the nucleus, 
while at the fame time, the natural {fpherical form of 
the Sun’s atmofphere would not be fenfibly difturbed 
by that of the Comet. This reafoning may be illuf- 
trated by confidering the effects of the contrary prin- 
ciple of mutual attraction or gravitation fubfifting 
between the globes themfelves, which effedls are fub- 
jects, both of mathematical computation, and of aftro- 
nomical obfervation : For itis very certain that Comets 
perform their revolutions round the Sun, in confe- 
quence of this mutual gravitation, in orbits very ex- 
centric, and nearly parabolical; whereas it is proba- 
ble, that the joint efforts of all the Comets which ever 
appeared, would fcarcely difturb the repofe of the Sun 
in the center of the Syftem. 


A Comet, in its defcent through the planetary orbs, 
approaches the Sun with an accelerating velocity, un- 


above his furface, as that of our own air, at the height of but 3 ot 4. miles 
dbove the furface of the Earth ; a height which our clouds, probably, never 
exceed. How vaft then muft bé the extent of the Sun’s whole atmofphere ! 
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tilit arrives at its perihelion; entering deeper and 
deeper within the fpheres, both of the repulfion of the 
Sun’s atmofphere, and of the activity of his rays ; .in 
confequence whereof the cometic atmofphere is con- 
tinually rarefying during this defcent, both from 
the expanfion it undergoes, by means of that rre- 
pulfion, and from the increafing heat, which it ac- 
quires, as it approaches the Sun, which heat, as 
already obferved, contributes ‘greatly to the repellency 
of the particles of the aerial fluid. By the con- 
currence of thefe caufes, if admitted, a tail muft ne- 
ceffarily be formed, the length of which would depend, 
partly upon the quantity of air contained in the cometic 
atmofpherte, and partly upon its proximity to that.of 
the Sun, and confequently would increafe until ithe 
Comet arrived at its perihelion, orrather, from the 
continuance of the caufes, until a few days after, which 
is moft agreeable to obfervation. When a Comet is 
at this ftage of its revolution, if it pafs near the Sun, 
the tail ufually extends from its ‘head through vaft 
regions of fpace, exhibiting a curious {pectacle to 
diftant Worlds. 


Jr acometic:atmofphere confifted of an wuela/ticAuid, 
and were thus repelled by the atmofphere of the Sun, 
it would put on the:form of .a very oblong fpheroid, 
both ends of which would besterminated by a regular 
curvilinear furface as at 4 and a(Fig. 3) ; butascit ts 
an elaftic fluid, whofe conftituent particles are, amongit 
themfelves, mutually repellent, as foon as ever the at- 
traction of the nucleus, which before condenfed chem 
{pherically round itfelf, is diminifhed in any:part of that 
atmofphere, by this oppofite repulfion, the particles 
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in ébat part become more and more at liberty to exert 
their own inherent repellency, which they would at 
length do guaquaverfum, were it not that the repellent 
power of the Sun’s whole atmofphere, fo far predomi- 
nates over their own mutual repellency, as conftantly 
to keep them in a direction nearly oppofite te the Sun’s 
center ; but as this is not fuficient totally to prevent — 
a lateral dilatation, the tail grows broader and broader, 
as it extends from the nucleus, while the longitudinal 
expanfionis rather increafed than impeded thereby,until 
the whole train, in a fair view of it, wears nearly the 
form of a parabolic curve ; the feveral parts of which 
are lefs and lefs diftin€t, as they are further diftant 
from the head, until at length, {pectators hall, at the 
fame time, differ ten or twenty degrees in their efti- 
mation of its apparent length, according to the differ- 
ent acutenefs of their fight. * (See Fig. 4. B 3.) 


Arter the perihelion, as the Comet recedes from 
the Sun, the mutual repulfion of the two atmofpheres 
gradually decreafes, while the mutual gravitation of 
the Comet and its own atmofphere proportionably gets 
the better of it, until at length the exiled atoms are 
drawn home, and that perhaps without the lofs of a 


fingle one ; unlefs the tail fhould happen to fweep 


the fphere of fome Planet in its way; in which cafe, 
if the atmofphere of the Planet were large, the mutual 
repellency of the two would rather occafion a bifurca- 
tion of the cometic atmofphere than a union or con- 


® Sir J. Newton in his Princip. fays, “ the Comet of 1680, in the month of 
‘¢ December, emitted a notable'tail, extending to the length of 40°, 50°, 
“© §0° or 7o° and upwards”: The disjunétive (or) intimates an uncer- 
tainty, of at leaft ¢o degrees, in its apparent length. 


fufion 
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fufion of them ; but were that of the Planet very {mall, 
and did we fuppofe that in confequence thereof, that 
of the Comet might leave a fmall portion of its tail 
behind ; ftill no detriment to us could reafonably be 
expected or feared, upon that account, confidering 
the amazing rarity of the Comet’s Tail. The cometic 
atmofphere being gradually re-condenfed round its 
nucleus as before, would provide ir with a fuitable 
garment for winter quarters in the remote parts of 
its orbit ; agreeable to the ingenious hypothefis of 
Doctor Williamfon. 


Tue thicknefs of a Comet’s tail, or the diameter of 
a feftion made perpendicularly thro’ it, is amazingly 
great towards its extremity ; the apparent breadth of 
the tail of the Comet of 1680, where its diftance from 
the Earth was equal to the diftance of the Earth from 
the Sun,was equal to above three apparent diameters 
of the Sun * ; confequently the real thicknefs of that 
part of the tail was about three millions of miles, or 
between three and four hundred diameters of the 
Earth, yet, fays Sir 2. Newton, ** the fmallett Stars were 
“¢ vilible through it without any diminution of their 
** Juftre.” How inconceivably rare then mutt it have 
been ! Perhaps for fome thoufands, notto fay millions 
or miles, reckoned from its extremity towards its 
head, it might not have contained more air than a well 
blown bladder does with us: And that this is not only 
poMible, but even probable, appears from Sir J. New- 
gon's computation of the expanfion which a cubic inch 


% The Author remembers ro have met with this ‘Obfervation fomewhere, but 
cannot at prefent recolleé&t where. But it was not far from the truth, if ap- 
plied to the Comet of 17649, 
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of our air is capable of, already repeatedly referred to. 


So much for the third general propofition, which 
the reader will receive or reject, according to the 
weight of the evidence offered in fupport of it. It-is 
however hoped that candor will be exercifed, and that 
the whole will not be exploded, merely; for want of 
accuracy in the method, or of perfpicuity in handling 
a fubyeét fo difficult of accefs. 


A fhort digreffion here may not be amifs, in order 
to prevent the uncomfortable impreffions, which the 
appearance of a Comet is apt to make upon the 
minds of fome, and which were greatly increafed dur- 
ing the appearance of the Comet of 1769, by an in- 


a) 


judicious publication in one of the fouthern news- 


papers, wherein it was infinuated, that if that Comet 
fhould pafs between the Earth and the Sun, the Earth 
would pafs through the tail of the Comet ; the con- 
fequence of which, the writer fuppofed, might be fatal 
even to the World itfelf. But from the foregoing 
obfervations it is evident, that fuch apprehenfions 
were groundlefs. The ingenious and learned Mr. 
Whifton has indeed endeavoured to prove, in order 
to fupport his Theory, that a Comet paffing near the 
Earth in its defcent towards the Sun, occafioned the 
univerfal deluge, by leaving behind ita fufficient 
quantity of vapors from its atmofphere and tail, (in 
which he fuppofed the Earth to be inveloped,) when 
condenfed into rain, to drown the World. He fur- 
ther fuppofed that a Comet, in its afcent from the 
Sun, might be fufficiently heated to caufe a general 
Conflagration, fhouldit find the Earth in the fame 

| fituation. 
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fituation. In confequence of which the fears of many 
are ufually alarmed, at the appearance of a Comet, 
by the apprehenfion of fome grand cataftrophe. But 
if the tails of Comets are fo extremely rare, as we find 
they muft neceffarily be, and as every one muft be 
convinced they are, whoever faw the Stars fhining 
through them ; how can we conceive that the Earth 
in pafling through one of them, could carry off oceans 
fufficient to fubmerge “all the bigh bills under the 
whole Heaven” ? to effect which, many of our oceans 
would, doubtlefs,beneceflary. On the contrary, itfeems 
probable, from the foregoing confiderations, that the 
tails of all the Comets which ever appeared, could not, 
«jointly, furnith water fufficient for one ocean only.— 
If fo, the near approach of a Comet mutt be found ut- 
terly infufficient to account for the fuperior waters of 
the deluge, or the forty days rain mentioned by Mo/es; 
whatever diforders might otherwife be occafioned in 
both globes, by their mutual gravitation, in fuch vi- 
cinity., And had the Earth paffed directly through 
the midft of the tail of the Comet of 1769, or of any 
other, it is not in the leaft probable, unlefs the Comet 
had come near enough to injure us upon other ac- 
counts, that the Earth could have carried off with it, 
or that the Comet would have imparted to us, vapors 
fufficient, even for a common thunder-fhower. But 
this is fubmitted to the reader; who, perhaps, upon 
the perufal of the fecond part of this effay, may be of 
opinion, that a Comet, in its afcent from the Sun, 1s 
no more calculated to’ fec the World on fire, than 
to drown it in its defcent. But to return to our 
fubject. 
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Here a material objection may naturally arife, 
viz. why fhould the Comets appear with tails, and 
thofe, generally, of enormous lengths, while the 
Planets, which have atmofpheres as well as the Com- 
ets, are always feen without them, even when at equal 
diftances from the Sun? 


To this it may be anfwered ; that the atmofpheres 
of the Planets are fo fmall, in proportion to. the globes 


‘they furround, compared with thofe of Comets, that 
whatever may be the caule of the tails of the latter ; 


if the fame caufe act upon their feveral atmofpheres; 
proportionably to the {paces they refpectively occupy, 
the tails of Comets may appear of aftonifhing lengths, 
while thofe of the Planets thall be totally infenfibie. 
In other words ; the Planets in fimilar fituations 
fhall have no tails at all. . 


Tue Earth, as has been repeatedly obferved, is a 
Planet, with which, as it is the place of ‘our abode, 
we are well acquainted: The height of its atmofphere 
is generally computed at about fifty miles ; beyond 
which, its denfity is not fufficient to refle&t the rays 
of the Sun in the crepufculum or twilight: The 
diameter of the Earth is about 80090 miles, the dia- 
meter then of the Earth and atmofphere together is 
about 8100 miles ; fron) whence it appears by com- 
putation, that the fpace occupied by the atmofphere 
alone is to the {pace occupied by the Earth alone, 
as 1 tO 26 nearly. 


Tue diameter of the atmofphere of a Comet, as 
before oblerved, is, at a medium, equal toten times 


the 
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( 37 ) 
the diameter of its nucleus ; and, fpheres being as 
the cubes of their diameters, the magnitude of a 
Comet and its atmofphere together is equal to one 
thoufand times the magnitude of the Comet alone ; 
confequently, the {pace occupied by the atmofphere, 
is to the {pace occupied by the nucleus as gg9 tot. 


Ler us fuppofe a Comet of equal bionefs with the 
Earth, having an atmofphere as above defcribed, 


to be fo fituated, as that the Sun, the Earth and © 


the Comet, may be in the Angles of an equi- 
lateral triangle : Let us fuppofe alfo the vifible 
effect of the repelling power of the Sun’s atmofphere 
upon thofe of the Earth and the Comet, to bein pro- 
portion to the fpaces they refpectively occupy : The 
magnitudes of thefe atmnofpheres being one to the 
other as 999 tO xz, that is as 25974 to 1; when a 
{pectator upon the Earth might fee the tail of the 
Comet extend through an arch in the Heavens of 
60°; had the atmofphere ofthe Earth a tail, arifing 
from the fame caufe, in proportion to the {pace it oc- 
cupied, to a fpectator upon the Comet it would fub- 
tend an angle of no more than o° 0’ 8” 81'” or 60° di- 
vided by 25974, an angle which the beft inftruments 
could never difcover in an object fo dubioufly defined : 
In other words, when the Comet would have a tail 
60° in length, a Planet at the fame diftance from the 
Sun would have none at all. 


Tua atmofpheres of the inferior Planets are pro- 
bably lefs in proportion, and thofe of the fuperior, 
larger than that of the Earth. Buc this fubject may 
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more properly be introduced in the fecond part of this 
Effay. | 


The principle of repulfion by which we have en- 
deavoured to account for the tails of Comets, and their 
oppofition to the Sun, may receive further confirma- 
tion by confidering fome of the phenomena which the 
atmofphere of a Comet would exhibit in the neigh- 
bourhood of the Sun, were the Sun divefted of his 
atmofphere, or were his atmofphere deprived of its 
repellent principle :, We fhall therefore endeavour to 
prove the following propofition, viz. 


Were the Sun without an atmofphere, or fome 
other appendage in its nature repellent to the atmof- 
pheres of Comets, and the zthereal {paces void of re- 
fiftance; inftead of one tail, and that always turned 
from the Sun, every Comet would have two ; the 
direction of one being towards, the other from the 
Sun, of which the former would be the moft confi- 
derable, and both would increafe as the Comet ap-’ 
proached the Sun, from the increafing gravitatien 
towards him. 


For though a Comet’s atmofphere in its natural 
ftate furrounds the nucleus in a fpherical form, (a 


| 


form that all fluids which tend to 4 common center 


of gravity muft put on) yet if we inppofe this atmof- 
phere to be affected by its gravitation towards the 
Sun, and to confift of an unelaftic fluid, like water ; 
thofe parts of this fuid which were neareft to, and 
moft remote from the Sun, would have their gravita- 
tion towards the center of the Comet leffened by: the 
Sun’s 
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Sun’s attraction, and thereby, from a fpherical form 
the whole would be changed to an oblong fpheroid. 
This is in faét the cafe with our ocean, which is 
changed from a fphere to a fpheroid by the gravita- 
tion of the Moon ; the axis of which fpheroid, revol- 
ving round the axis of the Earth in confequence of 
the diurnal motion, caufes the fux and reflux of our 
fea. But the atmofphere of a Comet is indefinitely 
elaftic, and thence capable of an unlimited expanfion ; 
therefore, in proportion as it is in any part elevated 
above the fuperficies of the fphere it occupies when in 
its natural quiefcent ftate, fach parts are proportionably 
at liberty to expand themfelvcs, by virtue of the mu- 
tual repulfion of their component particles, which are 
now in great meafure freed from that conftraint which 
before condenfed them ;* which would change both 
ends of the {pherondal figure,to forms fimilar to the tails 
which commonly attend the Comets, being broader as 
they become rarer towards their extremities,on one fide 
and the other : But the tail next the Sun would be the 
moft confiderable, the. effects of his attraction on that 
fide being greateft ; and, fhould the Comet approach 
near enough to the Sun,a continued aerial ftream would 
be formed from one globe to the other, whereby the 
Sun, by his fuperior attractive power, would by de- 
grees rob the Comet.ofits atmofphere,-condenfing the 
fame round his own globe, .without leaving the Comet 
a fufficiency: for the. purpofes .of life and vegetation 
in its folitary retreat without the planetary. {pheres, 
But as the Sun has an atmofphere, repellent to the 


atmofpheres of the other heavenly bodies, thefe in- 
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conveniences are thereby prevented, and every globe 
of the fy{tem retains its.own, unimpaired, through 
every ftage of its revolution. 


Tuat the projection of the tail of a Comet from 
its nucleus, and its perpetual oppofition to the Sun, 
do arife from the mutual repellency of the atmof- 
pheres of Sun and Comet, as we have endeavoured to 
prove in the foregoing pages , may be confirmed and il- 
luitrated, if not demonftrated by electrical experiments, 


Tue electric fluid is an element,as diftinét from all 
others.which we are acquainted with, as air is from 
water ; and if there be any fuch thing exifting in na- 
ture, as pure elementary fire, this claims that character, 
in preference to all others. For fire, in its common 
form, is fo far from being a pure element, of itfelf, 
that the prefence of air is neceffary to its very being. 
Whereas the electric fire, in many experiments, acts 
with greater freedom i# vacuo, than in the open air. 
But, different as this wonderful fubftance is from all 
others, we find, that fome of its properties greatly 
refemble thofe of air, already treated of : And, if the 
following propofitions, which are introduced to prove 
that refemblance, can be cofirmed by experiments ; 
and it be allowed, that fimilar caufes, naturally, pro- 
duce fimilar effects ; it is prefumed, that the folutions 
of the cometic phaznomena, offered in this eflay, when 
compofed with thofe experiments, will be found not 
inadequate to the phenomena. 


Prop. 3. THERE is a mutual attraction, fubfifting 
betwixt the electric fluid and common matter ; in 
confequence 





meer} 





( 4 ) 
confequence of which, the former is ca pable of, and 
fiable'to-a condenfation round the latter ; in the fame 
manner as air, by common gravitation, is condenfed 
round ute heavenly bodies, in the form of atmofpheres., 


THE truth of tis pidpillions has been abundantly 
proved by Doétor ‘Fravk/in,’’and other writers upon 
this fubje&t: Thdeed, the fuccefs of all our electrical 
experiments depends upon this property: We may 
add. furthér, that all the phznomena which have ever 
been: obferved, in’ which that element is concerned, 
from the attraGtion of fmall haits, duft, &c. 
confequence of the attrition of amber, to the ae 
fevere blaze ‘and: irrefiftable force of lightning ; de- 
pend 4 in a great meafure, upon the fine property. 


Prop. 2./' Agr, as we have feen; is a fluid, the pare 


ticles’ of which mutually repel aes cenere. : So, alfo, 
is ‘the electric clement. 


i 


Tre truth of. this propofition 1 is. demonflrated by 
thé following 


EXPERIMENT: i 


Su SPEND ‘a. Abate of metal, big wire, from jue prime- 
conductor generally ufed in thefe experiments, and 
eleétrify it. On another plate, placed under the for- 
mer, at the diftance? Of three or four inches,’ put a 
imall quantity of dry fand, meal, bran, flour, or even 
the moft impalpaisle powder ; the particles upon the 
lower’ plate, being’ attvadted “by, and themfelves at- 
trading the a tnspr: atmofohere, condenfed round the 
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( 42. } 
under furface of the upper plate, a beautiful fhower 
will enfue: Thefe particles will afcend to the upper 
plate; each, by virtue of the aforefaid attraction, will 
receive, and condenfe round itfelf, in the form of an 
atmofphere, a quantity of this fluid proportional to 
its capacity ; be immediately repelled from it, and 
defcend towards the lower plate: But thefe corpul- 
cles defcend, diverging from each other, many of 
them falling wide of the plate, upon the table be- 
neath, to return no more: Which divergency, not 
only indicates, but is the neceffary confequence of, the 
mutual repellency of the electric atmofpheres, now 
condenfed round them. Thofe that recover the 
lower plate, having difcharged their fire, re-afcend to- 
gether with thofe that were left behind at firft ; with 
them receive a new charge, and return diverging, as 
before. This operation continues, until moft of the 
particles are fcattered on the table below, few being 
left between the two plates. Now, asthe quantity of 
the fuid condenfed round each corpufcle is, probably, 
proportional to the fuperficies of the corpufcle ; * and 
as this experiment will fucceed with an impalpable 
powder, if perfectly dry, we may conclude, that the 
{malleft conceivable portions of the electric matter, 
when once fevered, are mutually repellent ; from 
whence we may infer the repellency of its conftituent 
particles themfelves. 


Tus property is alfo largely treated of by Doctor 

















# See Dogtor Franklin's orinted letters page 6s. § 1g. wherein he afferts, that | 


« ‘The form of the eleétrical atmofphere is that of the body it furrounds,”-~- 
‘This he proves by experiments, and from this principle has given a probable 
felution of the operation of points, at adiftence from the eleétrified bodies. 
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Franklin, * and is as neceflary to moft electrical ex- 
periments, as the former is to all ; and, doubtlefs, 
contributes one half to the amazing rapidity of light- 
ning, to which nothing, fhort of that of the rays of 
ight, can be compared. 


Frop. 3. When two fmall fpherical bodies have 
electrical atmofpheres, condenfed round them ; thofe 
atmofpheres are mutually repellent: As we have 
endeavoured to prove, from the known mutual re- 
peilency of the particles of air, thar the atmofpheres 
of the heavenly bodies are, amongi{t themilelves. 


Tus propofition naturally refults from the laff, 
and is, in fome meafure, involved init, but, as the 
experiments now to be produced in dupport of it, 
may fhew us in what manner the electric atmofpheres 
act upon, and affect each other, it deferves a more 
particular confideration. For, as thele atmo{pheres 
are invifible, in themfelves, and are difcoverable, only 
by their effects, it is neceffary to charge them with 
fome fubftances which reflect the rays of light, in or- 
der to render them proper fubjects of oblervation.— 
But the duft, powders, &c. ufedin the preceeding ex- 
periment, will not anfwer that purpofe, as they fly 
off, inftantly, upon their receiving, and condenfing 


“*® See Franklin’s letters page 37. § 5. where he faya, * Every particle 
‘6 of matter eleétrified, is repelled by every other particle, equally 

_ © elegtrified. Thus the flream ofa fountain, naturally denfe and continual, 
«¢ when eleétrified, wil] feparate and fpread in the form of a brufh, every drop 
‘© endeavouring to recede from every other drop, But on taking out the 
«¢ eletrical fire, they clofe again.’ ‘To which may be added, that, if a fmal} 
tin-cup, filled with water, having a fpout jut big enough to let out. the water 
by diftinét drops, be electrified, the water will ifue from the mouth of the 
fpout inva diverging mift, fo long as the cup remaina charged, byt as foom ag 
difcharged again, will fallia difin® drops as before, 
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( 44 5 
round themfelves a certain portion of the fluid: In. 
ftead of which, if fine limber threads arerun. through 
the balls, in various directions, and their ends cut off 
at equal lengths, thefe threads, as they cannot efcape, _ 
fhew, by their feveral directions,. the tendeneijes.of the 
electric atmofpheres of the bodies they adhere to. 


Turs being premifed, we proceed to the following 
EXPERIMENT. 


Let a pellet of cork or pith, thus. prepared, be, | 
tufpended, and eletrified ; the threads will diverge, 
equally, every way, from its center as at A Fig. 6. the 
electric atmofphere being equally condenfed, upon 
every part of it, and equirepellent from its center 
outward, But if two fuch»balls be fufpended and 
electrified, and caufed to approach each cother, the 
threads of each, which happen to be next to the other, 
inftead. of ftanding out every way trom the center, as 
before, will be incurvated towards the line of oppofi- 
tion, as at Band C; whereby the reciprocal repulfion 
of their atmofpheres is rendered vifible, as the direct. 
ions of the threads flew the tendencies of thofe at- 
mofpheres refpectively ; from which ir appears, that 
they recede from each other, as far as the mutual at. 
traction fubfifting between each atmofphere 
own ball, (which at firlt occafioned a conden{ 
the former round the latter,) will permit. 
atmofpheres do not wholly Ay off, in 
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Query. Dozs not this experiment abundantly con- 
firm and illuftrate the realoning in page 29, relative to 
the paflage of two Planets, or Comets, attended with 
large zrial atmofpheres, by each other > whofe mu- 
tual effects are reprefented at C and D F ig. g? 


_ We fhall adduce one experiment more, before we 
clofe this fubjeét, which may prove as entertaining to 
him who will be at the trouble of making it, as it is 
demonttrative of the principle under confideration, 


EXPERIMENT II. 


ProvipE a wooden fphere, of four or five inches 
in-diameter (call-it A) lec it be gilt, as the metal 
will better condenfe the eleétric Auid upon its furface ; 
alfo afmall pellet, of cork, or pith of elder (which 
call B), ftrung, as in the latt experiment, with a few 
threads, of three or four inches in length : Suppofe 
A to reprefent the Sun, B,a'Comet ; fix A on the wire 
of an electric bottle, and fufpend B by a filken thread 
froma point, directly over the center of A, fo as that, 
when neither of them is electrified, B may reft againft 
A, a little below the level of its center ; and charce 
both ball and pellet. The mutual répellency of their 
electric atmofphere is fo great, as that shat of B is 
thrown off as far from A, as the mutual attra@ion 
between the pellet and its atmofphere will permit , 
which attraction is at the fame time fo {trong, as that, 
rather than fuffer a feparation,the pellet flies off with its 
atmofphere, to a certain diftance from A, where its na- 
tural gravitation to the Earth is juft balanced by the re- 
pellent force of thetwo atmofpheres : There B remains 
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at reft, while its atmofphere retires as much farther as 
poffible from A, without quitting it wholly ; inftead 
of which it undergoes a longitudinal dilatation, in op- 
pofition to the center of A, asthe atmofpheres of Co- 
mets do, with regard to the Sun: This is evident 
from the directions of the threads, which, obferved in 
2 fide view, bear a near refemblance to the tails of 
Comets., When the pellet is in this fituation, blow it 
gently with a bellows, in a direction perpendicular to 
the line connecting the centers ; this will give it a 
projectile motion, which will be regulated by its com- 
mon gravitation ; and as the center of A 1s diretly 
under the point from which B is fufpended, the lat~ 
ter will be carried round the former, as the center of 
its motion. Thus will this little Comet perform many 
revolutions round its electric Sun, and im every one, 
and through every part of each, the tail of threads 
will conftantly maintain its oppofition to it, as the _ 
tails of Comets do to the Sunin the Heavens. 


Tis experiment was very agreeably repeated with 
an artificial Comet, confifting of a {mall, gilt cork ball, 
with a tail of leaf-gold, about two inches and an halt 
inlength ; when, during the whole time of the expe- 
riment, in which it performed, at leaft, twenty revolu- 
tions, the tail, as nearly as the eye could judge, was | 
conftantly projeéted in the line of the oppofition of the 
centers of the two balls ; the thread, by, whieh the 
fmaller one was fufpended, either twifting, or untwift- 
ing, the fame way, during the whole time. W hen 
thus in motion, if we raifed the globe, the tail was de- 
mrefied ; when it was lowered, the tail was elevated ; 


snaintaining its oppofition, in every fituation. 
| Bur 
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Bur now, from thefe experiments, fome may, per- 
haps, be inclined to think, that the electric fluid is the 
dole caufe of the phenomena of the tails of Comets : 
That the Sun, as it is the grand fource of light and 
heat, throughout our fyftem, may be the fountain, 
from which this-element, alfo, is fomehow derived to 
its feveral globes : That Comets, for wife ends, un- 
known to us, havea larger fhare of this fluid than the 
Planets ; and that, when they. approach the Sun’s 
electrical atmofphere, theirown are thereby repelled, 
as in the foregoing experiments ; and.appear as lucid, 
diverging beams; like thofe which, inthe dark, we fee 
flreaming from electrified points. 


Tuts hypothefis might indeed folve the phenomena 
of the cometic tails, provided the electric atmofpheres 
or bodies, charged with that fluid, were vifible in any 
of our experiments, even when made in the dark: 
But as that is never the cafe, unlefs the fuid be in mo- 
tion ; and asthe proof of the exiftence of fuch atmof- 
‘pheres, when at reft, depends folely upon their 
effects upon other fubftances, the hypothefis can- 
‘ot be admitted. Were this indeed the ¢rue and 
Jole caufe of the phanomena, a Planet, near which a 
Comet might happen to pafs, would bein a fituation, 
truly hazardous ; for it is evident that the Planets 
(upon thar fuppofition) are not accommodated with 
fuch vatt eleétric atmofpheres as attend the Comets ¢ 
confequently, have not the fame proportion of tha 
fluid condenfed tound them, but far fhort of it :-—- 
Therefore, whenever the electric tail. of a Come 
paffed near a Planet, it would be attracted by it, be 
drawn afide, from its oppofition to the Sun, towards if 
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and upon # difcharge the furpluffage of its fire, that 
both might have equal, or proportional fharesy which 
difcharge, if we confider the {nap of a final {park be- 
tween two cork pellets, and enlarge the idea, propor- 
tionably, to that inflantaneous cataract of fre which 
would neceffarily take place between two’ Worlds in 
fimilar fituations, we may well imagine would give 
an explofion, which nothing could equal, fhort“of the 
final voicé of an archangel ; and, if i¢ wére not fufi- 
cient to ‘roufe the afhes of the dead, might’ reduce the 
living to their primitive duft. But fuch a cataftrophe, 
we have not the leaft reafon to’ dread, from the'ncigh2 
bourhood, of a Comet, unlefs we can fuppofe, ‘that in- 
finite wifdom and goodnefs. would create one world, 
merely for the deftruction of another ; as we cannot 
conceive of any other ends,. to which. fuch huge 
electrical atmofpheres could be adapted. Indeed the 
difcharge would be equally. fatal fo both worlds ; as 
it is certain from electrical experiments, that the ef- 
fects of a flroke of lightning are the fame, whether 
the flafh proceeds from the cloud to. the Earth, or. is 
difcharged from the Earth into the cloud,’ both of 
which have happened during the fame thunder-guft ; 
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4 





as appears from obfervations made by Mr, Kinnerfly- 


and Doctor Franklin,* communicated to the Royal 
Society. But to put this macter beyond ail reafonable 
doubt, we may further obferve, that if thé pheenome- 
na of Comet’s tails arofe from the fame caufe, which 
renders the electric ftream vifible, when proceeding 
from a fteel point, thefe tails would’ fhine by their 
own light, as the ele€tric fluid does, when in motion: 
whereas, an apparent ob{curation or defect; in oné of 
¥ Franklin's Letters, page 116 and 129. . 
| thofe 
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thofe tails; has.been obferved,’ which evidently arofe 
from the fhadow of its nucleus; which occafioned a 
partial eclipfe of the tail, by -intercepting the Sun’s 
rays *; Confequently, the tail, as well as the head, 
fhines with a, borrow’d, light, and both are vifible, 
only by reflecting the rays of the Sun. 


As the confideration of the properties of the electric 
element was introduced, merely, to il/uftrate the feve- 
ral propofitions, and the conclufions refulting from 
them, contained in the foregoing pages; it was 
thought proper to add thus much upon that fubject, 
in order’ to’prevent the’ framing an hypothefis from 
thofe properties, which, inftead of removing the fears 
of the timorous, upon the appearance of a Comet, 
(which was one defign of this effay,) would naturally 
tend to increafe their apprehenfions. Whereas, upon 
the principles we have endeavoured to eftablifh, the 
tails of Comets appear to be nothing more than air, 
immenfely expanded and rarefied ; through which 
the Earth might pafs, with the utmott fafety to its 
inhabitants. And, inftead of thefe bodies being 
beralds, fent forth to denounce the wrath of Heaven, 
in which light they have been confidered by the igno- 
rant and fupertftitious, of all ages ; or the immediate 
executioners of divine vengeance, as others have ap- 
prehended ; we fhall endeavour to prove, in the fol- 
lowing pages, that Comets deferve to be confidered 
in a more refpeétable light ; and that their tails, how- 
tver awful and portentous they have been efteemed 
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by fome ; may be defigned for, and ate wifely adapa 
ted to, the truly god-like purpofes, of rendering ha-+ 
bitable a vait variety of Worlds 5 and of affording a — 
comfortable fabfittance to innumerable fpecies of beings, — 
by which they are, probably, inhabited. 
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S ancient geographers imagined the polar and 

equatorial regions, or the frigid and torrid 
zones of the earth, were uninhabitable, in 

confequence of the extremes of heat and cold, to which 
thofe climates are expofed : So, modern aftronomers 
have pafféd a fimilar judgment upon the fuperior and 
inferior Planets, efpecially on Saturn and Mercury ; 
concluding, that our water would always boil upgn 
the latter, and be frozen upon the former ; and that 
“merely in confequence of their different diftances from 
the Sun*. Whence it has been naturally concluded, 
that the textures of their various fluids, and of their 
inhabitants, to whofe ufes thefe fluids are adapted, are 
very different from what they are found to be 
upon our Earth : And, confidering the near ap- 
proaches of moft Comets #0, and the vaft elongations 
of all their orbits frem the Sun, it has been generally 





* See Newt, Princip, Book III, Prop, WII, Cor. 4. 
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C 52 ) 
fuppofed, that no material race of beings could fublit 
under fuch amazing viciffitudes “of -heat and cold;"as_ 
thofe bodies muft, from their different fituations, ne- 
cellarily be expofed to; confequently. that, they are 
uninhabited. : bia ue 

Bur the conclufivenefs of this reafoning depends 
upon the truth of the following Propofition ; ad- 
vanced indeed by Sir Jjaac Newton; but-not {upported 
by experiments, which were, with him: the criterion 
veritatis; viz. that, “The heat of the Sun is as the | 
“ denfity of hisrays, that is reciprocallyas the Jquares of — 
“‘ the diftances frou the Sun.*” , 


HERE, we are again reduced to the difagreeable _ 
neceflity, of diffenting from the opinion of the greateft 
GENIUS that ever dignified human reafon ; which, 
confidering the juftly celebrated fame of that illuftri- 
ous author, may be stigmatized as ignorance or 
vanity : But it is hoped that the reader will wave that 
imputation, if he fhall judge, upon the whole, that 
Sir //aac himfelf would have altered his opinion, upon 
the evidence which we fhall produce in fupport of the 
contrary pofition :. We may, however, lay down this 
as a maxim, that, in the profecution of any {ciencé, , 
the progrets of the mind muft necefiarily be retarded) 
in proportion to the zmplicit affent we give to the de- 
cifions of any man, however great. We {hall there- 


fore, without further apology, endeavour to prove that 


the heat of the Sun, as perceived by us,. and as dif- 


coverable by its effects upon other fubitances expoled 
to his rays, does not depend upon the denfiry of thofe 


? = 8 
* Princip, under'PropS KL. Book Tf. 
4 * 


rays 
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Coe) 
rays only, though ‘they are neceflary to the very ex- 
iftence of that heat ; but,. equally upon the concurrent 
Operation of another caufe, which we fhall prefently 
confider; from whence it will follow, that thefe 
caufes, wherever they co-exift, whether upon the 
Barth, or upon the heavenly bodies, will naturally 
produce fimilar effects. | 


In'the meantime, before we engage in the dif- 
cuffion of planetary heat, as depending upon the feve- 
ral diftances of the Planets from the Sun; it may 
throw fome light upon this fubject if we confider the 
portion of that heat which falls to our own fhare, and 


the diftribution of it throughout the various climates 
of the Earth. 


Tue furface of the Earth has,by geographers, been 
divided into five zones, viz. one forrid, including all 
the regions between the tropics, upon every part of 
which the Sun fhines perpendicularly twice every year: 
Two frigid, which are fituated between the polar-circles 
and the poles, and endure the rigors of perpetual 
winter, as the former is always bafking in a fummer 
Sun: And two temperate, which experience the viciffi- 
tudes of winter and fummer, and, in fome parts of 
them, in their extremes ; thefe are fituated between 
the frigid and torrid zones, in both hemifpheres. In 
the firft of thefe, the feafons are much more uniform 
than in the others, the days and nights being nearly 
of equal lengths, the year round ; and although the 
heat may, for a conftancy, be greater therein than in 
any other climate, yet it is not liabléto fuch great and 
fudden changes as are experienced in the temperate 
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zones ; for, during a whole annual revolution of the 
earth, the difference of the degrees of heat, experienced 
in the Zorvid zone,as determined by the thermometer, are _ 
not fo’ great.as thofe which, fometimes, happen’in the 
remperate zones, within the compafs ofa few hours* 3 _ 
Much more do they fall fhort of the extremes which 
are endured in the latter, in the oppofite feafons of the 
year.t+ But what is above afferted of the torrid zone 
is to be underftood only of the’ low,” inhabited’ and 
cultivated’ countries, the mountainous ‘regions with 
which thofe climates abound being’ excepted,’ for rea* 
fons which will hereafter appear?” 


Tue axes of the feveral Planets whofe diurnal ro» 
tations have been difcovered are inclined, more or 
leis, to the planes of their refpective orbits ; confe- 
uently, their fuperficies aré ‘divifible into zones and 


% One morning, in the winter of 1768, the mercury. in Farenbeit’s thermometer 


was 5° below 0° 3 by 11 o'clock the fame day it had rifen to 30°, and the 
next day to above 60° ; the difference being 65° in little more than 24 
hours. - Again, May 30,1764, when the general election for the choice of 
councellors, for this province, was held at Concord, (a town abeut 20 miles weit 
from Boffon) the weather was (for the feafon) extremely hot ; but ‘on the 
morning of the 1f June following, a fevere froft cut off all the indian corn, 
beans and other tender annual vegetables, in that and the towns adjacent, for 
miles round, Andon one Sunday morning, in the winter of 1759-60, 
- tranfition was made, inftantaneoufly, from fevere cold to fummer heat 3 to 
the great furprize of every one, and to the no {mall terror of many, The 
buildings fuddenly {moked to fuch a degree, that, in fome of the worfhipping 
affemblies at Bofon, the people fufpected that the neighbouring houfes were 
om fire ; and there was fearcely aperfon, who did not recoil from the heat, at 
the church doors, at the clofe of the fervice, 


+ One fummer’s afternoon in the year! 1760, the thermometer, being expofed te 
the open air, in the thade, the Mercury ftood at 102°. At another time, viz. 
in the winter of 1766-67, the Sun being an hour high in the morning, it wag 
at 9° below 0°, Thefe were probably, as great extremes as have been ob- 
ferved in this climate, the difference being 411° by the thermometer, 
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climates, correfponding withthofe of the Earth: And 
it is, atleaft, highly probable, that the various cli- 
mates of each globe, during its periodical revolution 
round the Sun, experience as great vicifficudes of heat 
and cold as thofe of the Earth: Nor is it unlikely 
that, in the equatorial regions of the different Planets, 
theré may beat the fame time as great varieties in the 
degrees ot heat they refpectively enjoy, as there are in 
the temperate zones of the earth in the different fea- 
fons of the year ; but fuppofing all this,the inequalitiesin 
the diftribution of heat te the feveral Planets and their 
various climates would vanifh, when compared with 
thofe extremes which they would neceffarily be expo- 
fed to,’at their feveral diftances from the Sun, upon the 
fuppofition that the Sun’s heat were as the denfity of 
his rays ; for were that really the cafe, the heat of 
Summer upon Mercury would be about feven times as 
great as upon the Earth, and abeve twice as hot as 
boiling water with us. On the other hand our fum- 
met heat would be above ninety times greater than 
that of Saturn, the difference being more than feven 
times as great as that between our fummer heat and 
the heat of red hot iron® : For it is undoubtedly cer- 
tain, that the denfity of the Sun’s rays is reciprocally 
as the {quares of the diftances from the Sun., from 
whence the above conclufions muft neceflarily follow, 
if the heat be proportional to.that denfity. 


Ir is certainly then a queftion well deferving a phi- 
lofophical enquiry ; whether there be not fome mes 


@ ‘sip Z. Newton concludes from experiments that boiling water is three times, 
and red hot iron about twelves times hotter than‘éur {uramer heat. Princip, 
Prop. XL. Book HI. 
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dium provided in.nature, which, being diftributed in 
different proportions to the feveral Planets, may fo 
attemper the heat of the Sun to.their refpective dif. | 
tances from him, as that the inhabitants of all may be | 
equally happy in the enjoyment of it, and that one 
globe may receive.as much benefit, and be expofed.to — 
as little injury, from that heat, as any other through- 
out the fyftem, This indeed feems tobe an object fo 
worthy of the attention. and providence of the great 
PARENT of the univerfe, that a philofophic mind 
would naturally embrace fuch an hypothefis; had it, 
but, the moft flender evidence to fupport it. . This 
medium, we fhall find, is actually provided in the 
element of air, which is, in various proportions, con- 
denfed round, and conftitutes the atmofpheres of the 
Earth and the heavenly. bodies. 


As air is an element, to which we, and probably 
the inhabitants of the other Planets, are more indebted 
than is generally imagined ; a fhort differtation upon 
fome of the advantages which. accrue to us, and pro- 


bably to them, from its prefence, may be acceptable 
to the reader. 


AIR isa grand medium in nature, through which 
an all-bountiful providence conveys to us many of the 
conveniences, comforts, and delights of life. © Upon 
“ur depends the afcent of vapors, and their condenfa- 
tion into clouds, whence they defcend. in dews and 
grateful fhowers, to refrefh and fruétify the Earth.— 
Upon 4ir we depend for the twilight, which affords 
us an agreeable gradation of fhades from day to night ; 
without which we fhould inftantaneoufly plunge from 
the 
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the light of the Suh to midnight darknefs ; and again 
emerge from total ‘darknefs to the full luftre of day ; 
which would be-unfufferable to our organs of fight, 
upon their; prefent conftructure. ir is alfo the ve- 
hicle: of founds, whether, articulate. or inarticulate ; 


confequently without: it, we fhould not only be de- : 


prived of the artlefs melody. of the woods, and of the 
raptures. which accompany. the..mafterly execution 
of mufical compofition ; but, which is of infinitely 
greater importance tous; there could be no language, 
no communication of ideas, but. by. dumb figns; no 
liberal arts. nor fciences in the world. . Therefore if 
we could fubfitt. without this: element,. all mankind 
would be: like the unhappy few. among us who. are 
faid to be born: deaf;and dumb. 


Ir has already been fhewn from experiments, that 
Airis. neceflary both tothe fupport of animal life, and 
to. the fubfiftance of flame : And.how far the very 
being of fire, in any fhape, and even of heat itfelf, 
may. depend upon it, the reader may judge from the 
following experiments and obfervations of Mr. Boyle, 
related in Shaw’s Abridgement of his Works. 


“ Coats,” fays Mr. Boyle, * being put glowing 
‘¢ into a receiver, in three minutes after beginning 
‘to pump, the fire totally difappeared.—Other coals 
** being fufpended, in the open air, at the fanie time, 
*¢ continued burning’ ’till a great ‘part was reduced 
“to atbes*. ‘Lighted match was found more diffi- 
© cult to put out by exhaufting the air than kindled 
#¢ charcoal, neverthelefs in about feven minutes the 


nr 


*- Shaw's Boyle, page. 419- 
| aS fire 
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“< fire was extinguifhed, beyond’ the poflibility of re- 
“ covery by re-admitting frefh air.” Here we fee that 
air is neceflary to the fubfiftance, not only of flame, but 
of fire that emits no flame atall. Tothefe we may add 
an eafy experiment, which any perfon may try at his 
teifure, withoutthe affiftance ofa pneumatic engine, viz. 
A compofition may:be made of allum and flour, which 
being well mixed together, reduced to’a cinder in @ 
crucible, pulverized, and otherwife prepared: by a 
fecond heat, in a phial fecured°from’the free com- 
munication of the external air, acquires an igneous 
quality, which; if the phial be kept ftoppedy it will 
retain unimpaired, even for many years ;+nor will-te 
fhew’ any appearance of fire moré than any other 
matter confined in the fame manner; but if at any 
time a few grains of it be let out upon any com- 
buftible fubftance in the open air, it will by the frefh 
air be inftantly changed into fire, and kindle the fub- 
ftance upon which it falls, This powder is com- 
thonly called the black phofphorus. From a {mall 
quantity of it the experiment may be repeated 
with fuccefs for years together, provided care be taken, 
whenever the phial is opened to let out any of the 
powder, to ftop it again immediately, to prevent the 
too free accefs.of the external 4ir. Here we have a 
fubftance which has.all the qualities of fire inherent 
in it, and retains them for a long time, and yet can 
ever exhibit’ them but upon:.the admiffion of frefh 
Av. But to return to Mr. Bayle: In page 603 he 
concludes from experiments, which he had been mak- 
ing in condenfed ir, that “ the confumption of mat- 
<< ter by fire is greater in proportion to the quantity 


“ of dir contained in the (fame) ‘receiver 5 or rather 
6h j 
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*¢ in a {till greater proportion,” as he found by fome 


fubfequent experiments. ‘Therefore, as the confump- 


-tion of matter by fire, without flame, muft’ be: pro- 


portional to the intenfity of the heat which confumes 


it, we may conclude from this laft obfervation, that 


the intenfity of the heat in any enkindled fubftance, 
is nearly proportional to the denfity of the furrounding 
Mir, and depends in a great meafure uponit. In page 


604 Mr. Boyle concludes from other experiments, that 


*< fire is more eafily kindled in Air much comprefied, 
“than incommon 4ir. Now it is certain that, the 
more intenfe the heat, the quicker the fame combutfti- 
bles are kindled by it ; thus bodies, expofed to the 


foci of different burning-glaffes, will take fire fooner 


from, fome than from others, according as the powers 
of thofe glaffes to condenfe the Sun’s rays in-their foci 
(ceteris paribus) are greater, by which condenfation the 
heat is proportionably increafed : But as in thefe ex- 
periments, made in condenfed ir, Mr. Boyle kindled 
his fire with the rays of the Sun, thus collected in the 
focus of a burning-glafs, and found, as above, that the 
fame glafs would more eafily kindle fubftances, in 
comprefied Air, than incommon Zr, it follows, that, 
the denfity of the Sun’s rays remaining the fame, the 
heat with which they were accompanied was increafed 
by increafing the denfity of the iv ; in like manner 
as it the denfity of the 4 had remained the fame, and 
the denfity of the rays had been increafed, by ufing 
claffes of ftronger powers : To which may be added 
that Mr. Boyle always found it extremely difficult, and 
fometimes impoffible to kindle any fubftance whatever 
in an exhautted receiver, either by the rays of the Sun, 
or even by red-hot iron. ih contact with gun powder 


itfelf, ~The conclufion is obvious to every capacity. 
HAVING 
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Havine thus exhibited to the réader an imperfect 
fetch of the principal ufes to which our Air is fubfervi- 


ent ; wherein among other things, we have feen the ne- 


ceffity of its prefence and co-operation in the produé- 
10n of heat by the rays of the Sun, ‘im common eX pe- 
riments: We fhall now in further profecution df 
the fubjeét, proceed to prove. that the heat of the 
Sun, as enjoyed by the inhabitants of the Earth in 
general, depends, not only upon the denfity of the 
Sun’s rays, but, equally, upon the denfity of the fur- 
rounding atmofphere. This-we thall prove from the 
teftimonies of travellers of the moft undoubted repu- 
tations who croffed the feas, and undertook the moft 
dangerous and fatiguing journies which, perhaps, 
have ever been performed by man, with no other view 
than to promote the caufe of {cierice ; particularly 
Don George Juan and Don Antonio de Ulloa, and their 
attendants who were fent by the Courts of France and 
Spain to South-America, to meafure 4 degree of the 


















meridian under the Equator: In the execution of j 


which commiffion, they were obliged ‘to ‘take their 
ftations, and make their obfervations upon fome of 
the higheft mountains upon the Earth, via. the Andes 
in the neighbourhood of Quito, under the Fquinoctial. 


fr is well known that the tops of high mountains 
are,at all feafons very cold, and are, for the moft part, 
covered with fnow the year round. But thofe above- 
mentioned, exhibit a fcene truly curious ; for trom 
their fummits to the plains below, inclufively, may be 
found at the fame time,all the variecies of heat and cold, 
which are to be met within every climate of the Earth, 
at all feafons of the year.* 


: i oe 4 BET RNa 
* See Uioa’s voyage to South-America, Book Vi. Che V 1 
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Ont obfervation made by Don de Ulloa upon the 
fpot, is very remarkable, and much to the prefent point : 
He fays,: “* the region of continual congelation began 
‘upon the feveral’mountains at the fame height 
“¢’ above the level of the Sea, as determined by egual 
“ beights of the mercury ix the Barometer.” But Sit 
Tfaac Newton afferts, and deduces the certainty of it 
from ‘* actual experiments,” that ‘‘ as to our own air, 
“¢ the denjfity of it” (i. e. at any height) ‘* zs as the 
‘¢ weicht of the whole incumbent air, that is, (fays i 
“as the height of the mercury in the barometer” .* 4 
therefore follows, that the region of.‘ continual con- 
gelation,” or perpetual froft commenced upon all 
thofe mountains, where the air was of the fame den- 
fity. Above that certain height, the denfity of the air 
leffen’d, and thecoldincreafed accordingly in feverity, 
till the tops of the mountains prefented all the horrors 
of winter, which are to be found in the polar regions, 
Whereas below shat height, as the denfity of the air 
increafed, from the increafe of the incnmbent preffure, 
the heat of the Sun alfo increafed ; till the inhabitants 


of the plains below fuffered all the inconveniencies of | 


the torrid zone. 


Now, the denfity of the Sun’s rays being the fame 
in the feveral cafes, and the tops of the mountains be- 
ing above the common region of the clouds, and confe- 
quently enjoying the prefence of the Sun much more 
than the plains below ; it follows, that although the 
rays of the Sun may be the /ime gua non, without which 
the inhabitants of the Earth would enjoy no heat at 
all, yet, the degree or quantum of their heat depends 
upon the denfity and co-operation of the aerial medium 
through which thofe rays are tranfmitted to them. 

* See Princip, Book II, Prop, KXII. Schol, As 
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As the proportionality of the Sun’s heat.te the den- 
fity of his rays, is a point, upon which, as proved or 
difproved, many curious queftions in natural philofo- — 
phy may turn, every argument which tends to deter- _ 
mine that point will ;doubtlefs be acceptable. to the © 
reader ; and if he fhould be. already fatisfied in his 
own mind, from the foregoing obfervations, that the — 
heat of the Sun is #ot asthe denfity of his raysfimply, yet 
it is hoped that he will patiently attend to one argument 
more, which is drawn from Sir J/aac Newton's own 
Jaiinciples, and naturally refults from his computation 
of the amazing, inconceivable deeree of heat, which 
mutt have been acquired by the Comet of 1680, at its 
perihelion, upon that fuppofition ; which, though it 
has ‘never been controverted, but generally allowed to 
be juft, and quoted accordingly, muft, if true, have 
occafioned the exhibition of fome phgenomena, which 
could not have efcaped the notice of the many curious 
aftronomers of thatday. According to this great au- 
thor’s calculation, this Comet, by its near approach to 
the Sun at its perihelion, “* acquired a degree of heat 
two thoufand times greater than the heat of red-hot 
iron*”; buc from previous experiments he concludes, 
that the heat of red-hot iron is but ¢we/ve times greater 
than that which dry earth acquires when expofed to the 
fammer’s Sun: With what an amazing luftre then muft 
the Comet have glowed, merely fromthe heat itacquired 
during its proximity to the Sun! Therefore at its 
firft appearance after the perihelion, it muft have fhone, 
not with a borrowed or reflected light, as it did before 
it arrived at that ftage, but by its own newly acquired 
laftre,' far exceeding (perhaps) the brighteft Star in 
tie Heavens ; for if iron heated but ¢we/ve times more 


* Princip. Book MI. under Prop. XLI. h 
than 
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than’dry earth expofed to. a fummer’s Sun, becomes 
red-bot, and from that heat emits a fplendor, indepen- 


dent of the Sun’s rays, we may defy the human ima- 


ination to conceive of that fplendor, when yet in- 
€reafed two thoufand fold, and exhibited by a globe of 
equal dimenfions with the Earthy F urthermore, Sir 
Yaac computes that'a globe of red-hot iron equal to 
the Earth, or the Comet, fuppofed of equal bignets, 
would: fcarcely cool’ in fifty thoufand years, therefore 
the Comet, being two thoufand times hotter, if it'were 
a globe of iron, would: require 50000. multiplied by 
2000, or one hundred millions of years to cool in. But 
if we fuppofe the Comet to cool @ hundred times fatter 
than an iron globe of the fame magnitude, equally 
heated ; it could not lofe all its heat under a 
million years * ; nay, at the end of jive hundred thoufand 
years it would ftill be a thoufand times hotter, and 
confequently brighter than red-hot iron. But as the 
period of this Comet is fuppofed to be fhort of uf 
bundred years, [feveral appearances of Comets‘in patt 
ages being fuppofed to: be different vifits from the 
fame Comet, after intervals of five bandred and feventy 
five years ;| ifat every perihelion it acquired a degree 
of heat which it could not lofe under @ million years, 
and had fhort of fx bundred years to dilcharge itfelf of 
the heat acquired at each revolution, how attonithing 
upon thefe principles muft be the ara atatlons z 
its heat during thofe feveral revolutions | lo great! 


s Comet, after its perthe- 


# This isthe duration of heat generally affigned to thi tstaban’s 


lion. But why a globe of earth fhould cool an hundred ae bhi 

: 1e tuppObiwon 
globe of iron, as here fuppofed, no where os oa Daan ages t eh ae 
be admitted, unlefs we fuppofe at the fame time, that a globe o i 


hundred times. denfer than a planetary globe 5 lets that 
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that one would imagine, that for ages after its’ peri: 
helion it would be vifible merely from its own luftre ; 
and that when, from its diftance, . its diameter: would 
become infenfible, it would {till be feen as a. lucid 


point, twinkling among the Stars: Yet fo far was this 


from being the ¢afey that in. chree months from its pe- 
rihelion,viz. from 8th December to.gth March it.totally 
difappeared; though the Earth was in a fituation .te 
view it fora contiderable time after: Sir Jfaac Newton 
fays ** on theninth and tenth of February to the naked 
** eye the head appeared no more.” a 


TutsCornet, at leaft its tail, was difcovered by Mr, 
Flamflead two days after its perihelion, viz. on the 
roth December , from which time till its total. difappear- 
ance, it was conftantly obferved by aftronomers 5 but 
none of their obfervations take notice of any extraor- 
dinary brightnefs it exhibited, more than is ufual in 
the appearance of other Comets. Sir J/aac indeed 
obferves, that **in the month of December, jutt after 
«* it had been heated by the Sun, it did emit a much 
«¢ longer tail, and more /plexdid than in the month of 
“* November before, when it had not yetarrived at its 
** perihelion.” But this he afferts of the tail only, 
for foon after he adds, ‘+ the head of this Comet at 
“* equal diftances from the Sun and from the Earth, 
“« appeared darker after its perihelion than it did de- 
s+ fore” : It is true he accounts for it by fuppofing 
the ** nucleus to be environed by a denfer and blacker 
** {moak than before.” But this is difficult to recon- 
cile with what he fays a page or two back, when 
{peaking of the fame Comet, viz. ‘* by fo fierce a 
*“* heat, vapors and exhalations, and every volatile 
“© matter 








































“ matter muft have been immediately confumed and 
_ diffipated*”. May we not .add, and the whole 
folid mafs calcined or vitrified ? Therefore, if that 
dulnefs in its appearance, after the perihelion, was 
owing to clouds and vapours, it is evident, from that 
‘great author’s own reafoning, that the Comet could 
‘not have been expofed to fo great an intenfity of heat, 


in that vicinity to the Sun ; fince all fuch heterogeneous | 


exhalations. muft have been confumed and diffipated 
thereby, as faft as they arofe from the head ; if indeed 
any volatile or evaporable matter, or any degree of 
moifture whatever could have remained in the head 
after fuch an inconceivable ignition. Finally, had 
the Comet ever-acquired fo great an intenfity of heat, 
it is probable the inhabitants of the Earth would never 
have loft, fight of it to the end of time; much lef 
would it have totally difappeared in three months 
after its perihelion.+ | 
* If at the perihelion ditance of hrs Comet Haan the Sun, viz, about 160,000 
miles, or 1-6th of the Sun?s diameter above his furface (according to Sir J, 
Newton ), the Sun’s heat is fo fierce, as that, ¢¢ all. kinds of vapours and ex- 
* halations muft be immediately confumed and diffipated thereby”, how is it 


“poffible forthofe clouds, (for fuch they undoubtedly are, fee page 18) which 
appear, more or Jefs, every day, like {pots upon the Sun’s disk, and float in his 


~atmofphere, at the height of but 7 or 8000 miles above his furface (fee note * 


page 29) to remain) wediffipatéd for’above twenty days together, as fome of 
them moft certainly do {fee page 14),?. Or rather, does not the continuance of 


thofe clouds, for fo long a time, amount to a demonftration, upon Sir [faac’s' 


own principles, that no fuch heat exifts, even within the denfer regions of the 
Sun’s atmofphere, 


} If the fixed Stars be fuppofed equal in magnitude to the Sun, and the Comet 
above-mentioned, equal to the Earth ; the period of the Comet to be 575 
years, and its body be fuppofed fufficiently luminous to render it vifible in-all 
parts of its orbit ;-it appears from Mr. Bradley’s determination of the paral- 

_ tax of the fixed Stars, after a long feries of obfervations (fee Smirh’s Opticks, 


Vol. Il, page 449 and onwards), that the apparent diameter of the‘nucleus of 


this Comet, myft be much greater than that of the Stars of the fir magnitude, 
even when moft remote from the Sun and from the Warth, 
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Sir I. Newton, in making his computation of the 
heat fuftained by this Comet, firft took it for granted, | 
“ that the heat of the Sun is as the’denfity of his rays,” 
(as we have feen before) : In the next place, he con- 
fidered the denfity, of thefe rays with us, at the mean. 
diftance of the Earth from the Sun, as a fixed and 
certain ftandard, with which the denfity of the rays at. 
every other diftance might be compared : Then, after. 
expofing dry earth to the fummer Sun, he compared | 
the heat contracted thereby, with that of boiling water 
and red-hot iron, and found by experiments the pro- 
portional degrees of heat in them to be nearly as 1, 3, 
and 12 refpedtively : In the laft place he confidered 
the heat acquired by the dry earth aforefaid, as the. 
ftandard of our fummer heat, and annexed it to the 
mean denfity of the Sun’s rays with us: And upon this | 
foundation he feems to have conftructed his general 
fale of heat for the folar fyftem. But it is prefumed | 
that the reader is by this time fatisfied, thatthe main. 
propofition upon which that great author’s reafoning | 
was founded mutt fail for want of fupport, however 
juft his conclufions drawn from it may be: For we 
now find regions of eternal froft under the equinoctial | 
itfelf, the rigors of which are fcarcely exceeded in the 
polar regions ; and this, at the height of but two or 
three perpendicular miles above the common furface. 
of the Earth, and where but few clouds interpofe to 
hide the beams of the Stn. If therefore we fuppofe 
ourfelves carried. up.forty or fifty miles higher, or 
to the very top of the atmofphere, we may well fhud- 
der at the idea of fuch a fituation, even if expofed te 
the unclouded rays of a perpendicular Sun. 
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WE are now. naturally led to confider fome exten- 
five purpofes which the great Author of Nature pro- 
bably had in view, when he formed the atmofpheres 
of, and annexed them to, the feveral Planets and 
Comets of our Syftem. We have feen from indifpu- 
table authority, that the denfity of the Sun’s rays alone 
does not produce a competency of heat, for the com- 
fortable fubfiftance of the inhabitants of the Earth, 


éven in its hotteft climates, but, that a certain denfity 


of air is equally neceffary, for thefe rays to operate 


‘upon, and to co-eperate with them, in promoting the 


various purpofes of life and vegetation. This air we 


are abundantly furnifhed with from the atmofphere 


which furrounds us, the denfity of which at every 


height, is proportional to the preffure of the incum- 


bent fluid. We may conclude from analogy that the 
atmofpheres of the other Planets, and of the Comets, 
are defigned for, and adapted to the fame purpofes for 
which the atmofphere of the Earth was originally pro- 
vided: And if we fuppofe the general ftock of heat, 
which falls to the fhare of any Planet, to be in a ratio 
compounded of the denfity of the Sun’s rays and the 

enfity of the air upon the furface of the Planet, it is 
eafy to conceive, that thefe globes may be feverally 
furnifhed. with fuch dtchofoheres, as may render them 


comfortable habitations, whatever their diftances from 
the Sun may be. That the heat of the Sun iz a€tually 


thus difpenfed to the Planets neceffarily follows from 
the experiments and obfervations contained in the 
foregoing pages, upon the ppaesion that they are 
firtourded with aerial Asp s, fuited to their fe- 
veral diftances from the Sun ; that they have fuch at- 


mofpheres is already proved, and the Creator, has, 
doubtleds 
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doubtlefs wifely proportioned ‘their refpeétive quanti- | 


ties and denfities according to thofe diftances. 


Tue tails of Comets are nothing more than expan- 


fions of their atmofpheres, whofe ate depend upon — 


their nearnefs to the Sun (as before obferved) and de- 
creafe as they recede from the Sun, becoming invifible 


to us eeperally before their Leads difappear : There- 


fore we have the higheft reafon to conclude that when 
thefe globes are in the moft remote parts of their -or- 
bits, or at their aphelia, their tails wholly fubfide, and 
their atmofpheres refume fpherical forms, like thofe of 
the Earth and of the other Planets, furrounding their 
nuclei at equal altitudes in every part ; the Sun’s at 


-mofphere being too remote to have any fenfible effect 


upon them by its repellency. The air muft of con- 
fequence be prodigioufly denfe near the furtaces of 
their globes, being comprefied by the weight of fuch a 


vaft incumbent fluid ; whereby the Sun’s rays, though 


weaker, or lefs denfe than with us in the ratio of the 
{quares of the diftances, may, upon our principles, 
be rendered as active with them, and as productive of 
juch degrees of heat as are neceflary for the purpofes 
of animal and vegetable life, as with us, or any other 
Planet of the Syftem. 


But, (as was obferved by Doétor Williamfon,) 
fhould thefe atmofpheres continue of the fame denfity, 
through all parts of their orbits, the degrees of heat 
which. their inhabitants muft undergo at their peri- 
helia would be unfufferable ; To prevent which, the 


great Author of Nature has made fufficient provifion 5 
































a 


for as they approach the Sun, they are by the repulfion oF | 


his atmofphere (or fome other caufe equivalent to fuch 
fuppofed repulfion}graduailly eafed of thatincumbrance, 
the 





be. ) 


the cometic atmofphere being gradually rarefied and 
driven behind its body through vaft fpaces of the 
Heavens ; what remains from time to time being 
more and more rarefied by the increafing ation of 
the Sun’s rays upon it, and repelled as rarefied ; till 
at length, if they come near enough to the Sun, the 
inhabitants may have little more than pure ether to 
breathe in. Thus the Comet of 1769, (than which 
but few have gone nearer to the Sua) before it ar- 
rived at its perihelion, although it projected a moft 
aftonifhing tail, yet the remaining atmofphere was 
denfe enough to hide the nucleus it furrounded ; the 
Comet, when viewed through the beft telefcopes, pre- 
fenting only a dubioufly defined luminous appearance : 
But when it made its re-appearance in the evening 
about the latter end of Oéfober, its atmofphere had 
undergone fo great a degree of rarefaction in pafling 
its perihelion, that it was fufficiently pellucid to dit- 
cover the nucleus, which appeared plainly and dil- 
tinctly through it. 


May we not then conclude, even with certainty, 
that as a Comet is perpetually varying its diftance 
from the Sun, fo the denfity of its atmo!phere is con- 
tinually changing through the various ftages of its 
revolution ; and thence, that its inhabitants may at 
all times enjoy as much benefit, and receive as little 
injury, from the Sun’s rays, as the inhabitants of any 
other Planet in the folar Syftem ? 


As the primary Planets revolve in orbits néarly cir- 
cular, they have no occafion for fuch vaft atmofpheres 
as are neceflary for the Comets ‘in the remote regions 


of the Heavens to which they retire ; but are fur- 
rounded 
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rounded with fuch, as infinite. wifdom faw beft fuited 
to their feveral diftances from the Sun; fuch as might 
have no redundancies to be thrown off in tails at one 


time more than another ; the nearly equal diftances 


of each from the Sun, in the feveral parts of its orbit, 
requiring nearly an equal denfity of atmofphere at all 
times. 


From the premifes we may conclude, that the at- 
mofpheres of the inferior Planets are fmaller, and 
thofe of the fuperior ones larger in fome proportion, than 
that of the Earth, in order that their denfities near 
their refpective fuperficiés, may be fo proportioned to 
their feveral diftances from the Sun, as that they may 
equally fhare the benefit of his rays. For want of 
proper aftronomical obfervations, to determine this 
point with regard to the other Planets, we can pro- 
pounce with certainty only concerning Mars » As that 
Planet 1s further diftant from the San thanthe Earth, 
his atmofphere, for the reafons above affigned, ought 
to be larger than our own; accordingly it appears 
(from the obfervations referred to in Part I, Note * 
Page 12) that the height of his atmofphere above. his 
furface is at leaft equal to two thirds of his diameter ; 
which is much greater chan that of the Earth, though 
it falls vaftly fhort of thofe of the Comets, _Obferva- 
tions of future occultations of fixed Stars by Faupiter, 
Saturn and the other Plazets, made with better inftru- 
ments, may poflibly determine this point with regard 
tothem alfo. 


Seve RAL objections may be raifed againft the prin- 
ciples advanced inthis Effay, to all which we hope te 


give fatisfactory anfwers. As 
fr TP 
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1. Ir may be objected, that, as the light of the Sun 
is confeffedly proportional to the denfity of his rays, 
that is inverfely as the fquares of the diftances from 
the Sun, the inconveniencies arifing therefrom to the 
inhabitants of the Comets, at their perzbelia and apbelia, 
might be nearly as great as thofe which would arife 
from the Sun’s deat were it diftributed in the fame pro- 


portion ; or at leaft, if it did not render the Comets © 


uninhabitable, would make the conditions of their in- 
habitants, at times-very uncomfortable. For example, 
were the light of the Sun adapted to their various pur- 
pofes, at their mean diftances, at their apbelia, they 
might not enjoy a fufficiency ; and on the contrary 
at their peribelia, the fplendor would be unfufferable. - 


Tuis objection, it is prefumed will vanifh upon a 
careful attention to the ftru€ture of the eyes of terreftrial 
animals, whofe pupils contract or dilate involuntarily, 
according as thedenfity of the rays which pafs thro’ them 
and fall upon their retinas is greatet-or lefs, whereby 
more or fewer of thofe rays are admitted, as may be re- 
quifite for diftinct, inoffenfive vifion +, "Thus moft per- 
fons can fee to read by candle light nearas well as by 
day light, whereas the quantities of light. reflected 
from ’ objects in the two cafes fcarely bear any. pro- 
portion one to the other,” But the aperture of the pu- 
pil is much greater in the-former than in the latter, 
and more raysin proportion areconfequently admitted. 
Moreover, there are fome animals -with us which re- 
tire to their holes and ‘caves at the approach of day, 


whofe purpofes are as well anfwered by the glimmer- 
? ing 


Hoe bear SheNDI RELI LELTOTo 





He 


= 


Sevres 


qa as. 


— 


Se 


ee ee ees 


tit 
a 
ny 
ry 
te 
\ a 


seal ct SE St Fe =< _ * 
TES 
Le ee nee el - : = 


ees 


>iaiew 


tints 
Lp 





J 
4 
RFIa siglgiutebstete tert eye 


( oe ine 


ing’ light of the Stars, as thofe of others .are bythe 
prefence of the Sun; there are yet others which. can 
behold the Sun in his meridian fplendor, without of- 
tence. Now if we only fuppofe that the inhabitants 
of Comets in general have, in the original formation. 
of their optic organs, the power of contracting and 
dilating their pupils, according to the ftrength or 
weaknels of the light which is tranfmitted through 
them, we may eafily conceive, that the rays of the 
Sun might be no more offenfive to them at one time 
than at another ; for at their aphelia their pupils might: 
be dilated to their utmoft extent ; on the other hand, 
at their perihelia, they might be contracted to phyfical 
points, if the fplendor of the Sun fo required, whereby 
a proportionally {maller quantity would be admitted. 


Tue light of the Sun which the Cometarians.enjoy at 
their aphelia is indeed much greater than we fhould be 
apt toimagine ; for let us confider the Comet of 1680, 
whofe period is the longeft and its aphelion diftance 
the createft of any one known, being (according to, 
Dr. Halley) to the mean diftance of the Earth from. 
the Sun nearly as 138 to 13 but from the, reafoning 
of Door Swmith, in his optics it appears, that the pro- 
portion of our day light to moon light witha full 
moon, is nearly as 90 oo to ;* and the light of the 
Sun upon the Comet at its Jaft mentioned ftage is to 
his light with us but as about 1 to 19000, therefore 
if we divide go 000 by 19 co we fhall find that Moon- 
light with us is to Sun-light upon the Comet, nearly 
as 1 to 43, and confequently that the light of the Sun 


* Smith's Opticks, Vol. I. Page 29- 
enjoyed 


( 93.4 


enjoyed by the inhabitants of that Comet at fts aphe- 
lion is nearly five times as great as the light of our fulf 
Moon. But it is ftill much greater upon account of 
the largenefs and denfity of the atmofphere ; for it 
is certain, that our day light, which is equally diffu- 
fed upon all terreftrial objects, and renders them vi- 
fible ; depends upon the reflection of the Sun’s 
rays, from the atmofphere, together with the hete- 
rogeneous corpufcles floating in it’; without which all 
fuch objeats would be as obfcure as at midnight, even 
with the Sun thining in full fplendor above the hori- 
zon 5 excepting thofe upon which the direé& rays of 
the Sun might fall, or fuch as might be faintly illumi- 
minated by the reflection of thofe rays from neigh: 
bouring objects : The Heavens would appear perfedtly 
black, and the {mallet Stars would appear, at noon- 
day, which is prevented, only, by the illumination of 
the atmofphere. The beautiful azure, which we ob- 
ferve in the Sky, atter the atmofphere is purged of its 
vapors, by a ftorm or thunder-guft, arifes from the 
appearance of this black Sky, through the air, which 
is now become more tranfparent, than when charged 
with a heterogeneous collection of opaque corpuicles, 


Te atmofpheres of Comets, being much larger and 
denfer than that of the Earth, refleét a much oreater 
Proportion of the Sun’s rays; their hemifpheres next 
the Sun muft therefore be more illuminated, and their 
day light increafed, in the fame proportion ; although 
the light arifing from the dire&t rays of the Sun would 
be confiderably weakened thereby. 
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Tus reafoning may be illuftrated by calling to 
mind the effects of two great ecliples of the Sun, one 
of which happened on the 5th or 6th day of Auguft, 
1766; the other on the rgth day of January, 1768 3 
which effeéts, moft perfons among us, whofe attention 
was turned that way, may recollect 5: during the for- 
mer the air was very clear, and the fky'cloathed in a 
fine blue, excepting, here and there, where a few fum- 
mer clouds were fcattered: In the midft of this eclipfe 
the air was darkened to fuch a degree, that, although 
the Sun fhone unclouded, a fickly gloom feemed.to 
fpread over the face of nature. In the latter, (though 
a much greater eclipfe) the air was full of vapors, the 
refletion of the Sun’s rays from which was fo copious, 
as to render it offenfive to the eyes to look at the 
Heavens, before the eclipfe began,and in the middle of 
it, the darknefs occafioned thereby would fcarcely 
have been noticed, had not the eclipfe been known 


beforehand. 


Tur inhabitants of Comets enjoy another advan- 
tage from their great atmofpheres, which is peculiar 
to them alone; for, in the hemifphere turned from 
the Sun, they can have no dark nights like thofe of 
the Planets ; but, in confequence of the reflection of 
the Sun’s rays from thofe atmofpheres, muft. be fa- 
voured with perpetual twilight if not day light ; fora 
cometic atmo{phere is enlightened by the Sun by night” | 
as well as by day, excepting only a column, which is _ 
nearly cylindrical at the aphelion, whofe bafe isa great 
circle of the Comet, and whofe altitude is equal to the 


height of the atmofphere ; which, (confidering the 
great 








K-28) 
ereat extent of the latter,) bears but a {mall propor- 
tion to the whole atmofpheric hemifphere; this column 
includes that part of the atmofphere which is eclipfed 
by the fhadow of the globe itfelf, and, if the diameter 
of the. atmofphere is equal to ten diameters of the 
globe*, does not contain goth part of the whole vili- 
fible hemifphere ; and is ftill lefs upon account of the 
refraction of the Sun’s rays, which. fhortens and con- 
tracts the cone of the fhadow. Whence it is probable 
that the darkeft nights of the Cometarians,’ at their 
aphelia; are much lighter than our brighteft moon- 
light nights, But this is fubmitted to the judgment 
of the reader. : 


2. Ir may further be objected’; that if the atmol- 
pheres of Comets undergo fuch amazing rarefactions 
and condenfations, as they neceffarily muft, from. the 
alternate projections and retractions of their tails; it 
is difficult to conceive that they can at all times be fit 
for the refpiration of their fuppofed inhabitants. 


Tis objection might, perhaps, have remained un- 
anfwerable, had it not been tor the genius of that truly 
sreat philofopher Doctor Edmund Halley ; who, if he 
was not the original inventor of the diving-bell, yet, 
by a fagacity peculiar to himfelf, improved it to a de- 
oree Of perfection, which might, before, have rather 


been wifhed for, than expected.+ In this de// perfons | 


‘may be let down with fafety to the bottom of the fea ; 
but the included air differs in denfity at every depth 
below the furface of the water. At the depth of 


* See Page 14. : 
+ See Jones’s Abridgment of Philos. Trans, Vol. IV. Page 18 


8, and onward. 
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thirty-two or thirty-three feet, as the air may occas 
fionally change, or lefs, in proportion as falt water is 
heavier than frefh, the denfity of the air within the 
bell is double the denfity of the external air ; at double 
that depth the denfity is triple; at three times, four- 
fold, and fo on... Now if the bell be let down without 
proper ‘precaution, the too fudden condenfation of the 
air within, would give the adventurers extreme pain, 
as they fometimes found. by experience ; and fhould 
the bell fink fuddenly to. the bottom of the fea, the 
confequence might be fatal to thems for the faine 
reafon that a fquare cafe-bottle, filled only with: com- 
mon air above the furface of the water, and corked 
tight, if it were let down with the divers in the bell, 
would from the inéreafing préffare of the condenfing 
air without it, be crufhed inwards, and broken in 
pieces, in the fame manner as ifthe air in the bottle 
had been exhaufted by an Air-Pump above the fur- 
face of the water ; which effeét would be prevented 
by the finalleft hole in the cork, provided the’ bel} 
were let down leifurely, fo that the airas it condenfed 
without, might gradually infinuate itfelf through the 
hole into the bottle : On the contrary were the bottle 
corked at the bortom of the fea, and the bell drawn 
up from the depth of nine or ten fathoms; before the 
bell could arrive at the furface of the water, the bor- 
tle would burft outwards, from the expanfive force of 
the condenfed air within it ; which might alfo be 
prevented by a fimilar precaution. And it is doubt. 
lefs from the Jatter caufe that fome perfons who have 
afcended to the tops of high mountains, have been 
feized with reachings, vomitings and other ineohve- 
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niences related’by travellers; the external air Of the 
atmof{phere at fuch heights being too rare to counter: 
act by its preffure, the expanfive force of the denfer 
air which is interfperfed throughout the various veffels 
and organs of animal bodies. 


But Doétor Halley teftifies from his own experience, 

that. <¢ if the diving-bell be let down (or drawn up) 
“ gradually, about twelve feet at a time with an in- 
** terval of but a few minutes between, no inconve- 
*“nience would follow” ; as the feveral organs of the 
body would by degrees be inured to the denfity of the 
ait, as it increafed or decreafed at the feveral depths, 
The Doétor tells us, that he himfelf was hours toge- 
ther at the bottom of the fea in nine or ten fathoms 
of water ; and felt himfelf as well as. if he had been 
all the time on board the fhip : But the denfity of the 
air he then breathed, muft have been more than three 
times as great as that of the air above the furface of 
the water : In other words, he then breathed jn air, 
compreffed by the weight of between three and four 
of our atmofpheres inftead of one,and of ten or a dozen 
fuch as Don de Ulloa breathed in, When upon the tops 
of the mountains of Quito, without any inconvenience. 
Therefore, if time fufficient be allowed for the air, ins 
cluded in the feveral veflels of the human body 
dually to contra&t, expaid or other wife accommodate 
itfelf, tothe increafing or decrealing denficy of the 
exterior air; no bad confequences or even inconve- 
niencies are to’ be apprehended; although the difference 
of denfity be exceeding oreat, 
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Bur by the oradualand regular approach ofanyComet 
to, or recels from its perihelion, (at and near which its 
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velocity is greateft and the confequent.changes in its 
atmofphere ‘are moft’ fudden. of all) the increafe or 
decreafe of: its» atmofphere, is'much more: regular, 
uniform, and infenfible to: its inhabitants, than any 
sncreafe or decreafe of the denfity of the air can be in 
the diving: bell by Doétor Halley's method ; for by 
the latter, a degree of rarefaction, or condenfation, is 
effeGed in a few minutes, which might not take place 
in the cometary atmofpheres under fome days. ~ 


Perwaps enough has been already faid:to*remove 
every material objection ; but if :any difficulties yet 
remain, in the mind of the reader, on account of the 
vat changes which. the feveral climates in each, dnd 
the atmofpheres of all Comets mutt neceffarily under- 
go, in the various parts of their orbits ; the following 
additional ‘obfervations are fubmitted to his confide- 
ration ; which may tend to leffen thofe difficulties; if 
they do not wholly remove them, viz. 


As a Comet approaches its perihelion, that hemif- 
phere of its atmofphere which is next to the Sun, be- 
ing more immediately expofed to his rays, will feel the 
effects of his neighbourhood fooner than the oppofite 
hemifphere, and confequently will be warmed, rarefied, 
and thrown off behind the Comet by the repulfion ofthe 
Sun’s atmosphere, fooner than the other ; the colder and 
denfer parts of the fluid willof courfe continually, flow 
in from the other fide of the Comet to fupply its place, 
in order to_preferve, as near as may be, an equilibrium ; 
in confequence of which there will be a conftant fuc- 


ceffion of the cooler air from thence ; whereby the | 


‘nhabitants on the hemifphere next the Sun may be 
continually 
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continually refrefhed with gales: of wind during 

that vicinity, which would increafe till the. Comet 

arrived at its perihelion, when their velocity would be 

reateft of all’; but even then they would not (from 

this caufe) blow in fudden: violent gufts like our 

hurricanes, but fteadily, unlefs difturbed :by caufes 
from within the Comet’s atmofphere ; befides, 
as the velocity of the current increafed,, the den- 
firy of the fluid would leffen from the increafing 
whereby its momentum might continue 
nearly the fame ; for this momentum would be ina 
ratio compounded of the velocity of the fluid and its 
denfity together ; and as the violence of our high 
winds, and their confequent effeéts depend, not upon 
the velocity, merely, but upon the momentum of the 
current, this brifk circulation of the cometic air may, 
(however great we fuppofe its velocity) be rather grate- 
ful than injurious to the Cometarians : And how unfit 
foever the air in fuch a rarefied: ftate might be for 
if ftagnant, yet, when thus put in motion, it 
dered fufficiently a@ive to aniwer all the 
purpofes of refpiration. This reafoning is confirmed 
by daily experience : For it is not an uncommon 
thing for people of tender frames to faint in a 
clofe hot and rarefied air; and as the fan Is cenerally 
near at hand, it is as common for the by-ftanders to 
apply it to their faces, which, by giving a brifk 
motion to the air, without any alteration .of ts 
denfity, generally revives them, in a fhort time, 
even when no other remedy is at hand.— This 
brifk motion of the air would alfo remove or pre- 


vent the difagreeable fenfations of heat which the 
cometary 
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cometary inhabitants might otherwife fuffer from an 
expofureto the Sun’s rays at their perihelia : For, ifa 
perfon fit with his face uncovered before the feorching 
blaze of acommon fire, the motion of the air excited 
by a common fan, even without hiding the blaze from 
the face, is fufficient, not only to make the fituation 
comfortable, but to change the painful fenfation to an 
agreeable coolnefs : As any one will find upon trial, 


Ir we fuppofe that every Comet has a diurnal ro- 
tation round an axis of its own, the inhabitants 
may enjoy grateful viciffitudes, from the alternate ab- 
fence and prefence of the Sun ; and if we further 
fuppofe this diurnal motion to be performed contrary 
to its apparent heliocentric motion ; the returns of day 
and night would be quickened as it approached the 
Sun, from the increafe of its angular velocity round 
that globe, whereby the prefence of the Sun, in that 
neighbourhood, would be of fhorter duration, upon 
any one part of the Comet, and his heat might be 
rendered ftill lefs irkfome to the inhabitants, on 
that account. It is true, no difcovery has been made 
of any fuch diurnal motion, but as all the primary 
Planets, fo far as our obfervations can reach, are dif- 
covered to have fuch motions, we may well be allowed 
to fuppofe that the Comets are not without them; efpe- 
cially now we are endeavouring to prove their habi- 
tability, to which this motion is perhaps as neceflary 
as to the habitability of the primary Planets. Thefe 
rotations have been already difcovered and deter mined 
in Venus, the Earth, Mars and Jupiter. Saturn, though 
a vaft globe in itfelf, is fo remote, and Mercury is fo 


near the Sun, and {6 very f{mall, that this motion has 
never 
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frever been difcovered in either, by our beft inftru 
ments, bat is juftly inferred by analogy 5 which me- 
thod of reafoning will ‘equally extend to the Comets 
of the Syftem. The diurnal motions of the Planets 
indeed are performed nearly in the fame dire@tions 
with their annual, both motions in all, as far as they 
have been difcovered, being direét, or from Weft to 
Eaft, whereas the diurnal motions of Comets, accord- 
ing to the foregoing fuppofition, are performed ‘con- 
trary to this rule: But this is no objeCtion again 
the hypothefis ; for Planets and Comets differ’ 2s 
widely, in almoft every other particular ; the annual 
motions of the former (as now obferved,) are all direct, 
and are apnarently confined within the limits of the 
zodiac, the latter move indifferently in all dire@ions 
through the Heavens ; the periodical revolutions of 
the former are made in orbits nearly circular, thofe of 
the latter are prodigioufly excentric, and nearly para- 
bolical ; “all which feem wifely to be ordered, that a 
multitude of Worlds may exift at the fame time, and 
be enlightened, warmed, and rendered prolific, by the 
rays of the fame Sun, without,interfering in their mo- 
tions, or difturbing the harmony of the Syftem. 


} 


is added ; in which let S reprefent the Sun ; to which 
Comets in general, though perhaps equal in magni- 
tude to our Earth, are, without a fieure, but as drops 
of the bucket.* WLetC reprefent a°Comet with its at- 


To illuftrate the reafoning in pages 78, 79, Fig. < 


* In the figure the fpeck at X andthe dots round it, upon the furface of the 
Sun S, will give a pretty juft idea of the comparative magnitudes of the Sug 
and Comet, and of their atmofpheres j the dots at'X reprefenting the Comet's 
atmofphere, A’A A, &c. the atmofphere of the Sun. 
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mofphere and tail, the dark curve line ckhdg b on one 
fide, and ciaef onthe other, may ferve to give an 
idea of the motion of a parcel of the cometary. air 
from its more condenfed ftate behind the Comet at ¢, 
through its various ftages of rarefaction and repulfion ; 
as that part of the atmolphere next the Sun, viz. that 
in or near the line S 2 which connects the. centers 
of the Sun and the Comet, is rarefied, the denier 
air from behind at ¢ muft neceffarily flow in to pre- 
ferve as near as poflible an equilibrium, and continue 
fo to do aslong as the rarefaction continues to increafe. 
The air next the Sun being thus rarefied, that at ¢ 
would take a turn round the nucleus through & and 7, 
but. before thefe feperate parcels came to d or a the 
rarefaction would fo increafe, that they would begin 
to aicend, and as they afcended, at @ and d they would 
repel each other ; they would ftill keep rifing by theit 
increafing rarefaction, through 5 b as through a fun- 
nel, and increafe in their mutual repellency as they. re- 
ceded-from the center of, the Comet, till at length at 
Z and m the repellency of the Sun’s atniofphere would 
compel them to retire through g 4 or ¢ f whence they 
would proceed to the extremity of the tail,the remain- 
ing parcels of air in the fame cometic hemifphere would 
take a fimilar courfe (as reprefented by the faint flrokes 
in the figure) whether their diftances from the Comet’s 
furface were greater or lefs, till at length the rarefaction 
of the Comet’s atmofphere would become.as great, as 
the repulfive power of the Sun's atmofphere could 
effect, or the Comet’s vicinity to the Sun, require.— 
We fhall offer one obfervation more, for the, confide- 


ration of the reader before we clofe the fubject, viz. 
WHEN 
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Wuen theair of our atmofphere appears by the ther- 
mometer tobeextremely cold, it does not affect the fenfes 
fo difagreeably, if the atmofphere be in a calm ftagnant 
{tate, as at other times, when the mercury is ten or even 


twenty degrees higher, (and confequently the weather 


warmer) with a brifk wind, as has been frequently 
obferved by thofe who attend to their thermometers. 
Now when a Comet is at its greateft diftance from the 
Sun, its atmofphere, being uniformly condenfed round 
its globe, might fettle into a dead calm, for any diftur- 
bances it could receive from without : For whatever 
influences baneful or falutary, the heavenly bodies may 
réciprocally communicate while in the neighbourhood 
of each other, the Comets in their aphelia, are removed 
to fuch inconceivable diftances from all the other 
globes of the Syftem, that their mutual effects, phy- 
fically confidered muft vanifh, And in fo calm an 
atmofphere, of fo great a denfity, illuminated by the 
Sun’s, rays, the inhabitants of the Comets may, even 
when moft remote from the Sun, be as warm, or at 
leaft as comfortable as the inhabitants of the Earth, 
or of any other Planet. 


Turs fubjeét cannot be better clofed than in the 
words of Doftor William/fon, viz." 


«© One of the primary ideas we form of the 
fupreme Being is, that he is the fource of life, intelli- 
gence and happinefs, and delights to communicate 
them ; the Earth we tread, the water we drink, and 
© the very air in which we breathe, fwarm with living 
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' creatures, all fitted to their feveral habitations. 
“« Are we to fuppofe that this little globe is the only 
animated part of the creation, while the Comets, 
many of which are larger worlds, and run a nobler 
courle, are an idle chaos, formed for the fole pur- 
pofe of being frozen and burnt in turns >——-We 

** cannot admit the thought ; the Comets are doubt- 

* Jefs inhabited.” : 
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T we fuppofe all the folid globes of the foiar Syftem 





to be annihilated, their atmofpheres remaining ; 

the power of gravity, which had theretofore con- 
denfed them round their refpective orbs, ceafing, they 
would immediately expand themfelves quaquaver/um, 
in confequence of the mutual repellency of their par- 
ticles, till the whole {pace in which the bodies of the 
Syftem had revolved, was equally filled with the fluid, 
and when its denfity became equal in every part, the 
whole would be at reft. 


So, vice verfa, if we fuppofe fuch a fluid, to have 
been the firft material fubftance in the order of crea- 
tion, equally diffufed, in that rarefied ftate, through- 
out the mundane fpace ; next after it, the feveral 
maffes of the Sun, Planets and Comets, nearly about 
the fame time with each other : This fluid, though its 
particles are in a {tate of mutual repulfion, yet as they 
are in the common ftate of gravitation to the other 
bodies of the Syftem, would be attracted by the feve- 
ral globes, every particle moving towards that globe, 
which fhould have the balance of attra¢tion inits favour. 


Mercury’s atmofphere, by reafon of its neighbour- 
hood to the Sun, and the fmallnefs of his clobe would 
be leaft of all and very inconfiderable : For fuppofe 
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© 
drawn from the center of the Sun to the center of 


Mercury, to be fo divided in D, that the part next 
the Sun may be to the part next Mercury in the fub- 
duplicate ratio of the quantity of matter in the 

| Sun 


# 


aeaner is OTR FIFI ETE 


5 aoe been thes Ps 


be pte are ee Py 
eB mt 5 
et =3 
pa 
2 = re 


a a 
an Sis oh nie : - e ~ 
a Ee a a= 
patrees m = = 


Ba 


Be bees 


Sep etae ce 


ey aay 
a 


he 


mow eniaees 


Sse" 


os 


Dee ae ne ory ee 
Sp ees be Pores 
as rn emo “ * 


Gin oe x 
De es a pr ears oy. 


=z 
paar 
Spiicste tere 
(a gee spa 
. 


os ee 
ie aem —nd 


es 
Ss 


Trine 
Gooey ore. 

a Slew 

ri * 


Peers ee Bes ope 
evi its 2 pare ae 
= 


9 
7 
pale fy, 








a), ——a 


( 86 ) 


Sun to the quantity of matter in Mercury , every 


particle. between D and B would defcend’ to, and 
be condenfed round the Sun, and thofe only be- 
tween D and A to Mercury; and it appears by 


‘computation that DB: DA : : 3693: 1 nearly, andin 


all oblique direétions the particles, whofe diftances from 
the Sun and Mercury were proportionably greater or 
fmaller, would defcend to, and condenfe round one or 
the other ; unlefs drawn afide by fome other ‘Planet : 
What is here faid of Mercury, is equally applicable to 
the other Planets ; and as the attraction of the Sun is 
vaftly greater than the united attractions of all the 
Planets together ; fo, in every part of the Syftem, 
where the attractive power of the Sun might be greater 
than that of any neighbouring Planet ; the fluid oc- 
cupying that part of the fpace, would defcend and join 
the Sun’s atmofphere ; while the reft would be con- 
tinually condenfing round the Planets, tll at length 
the feveral globes would be accommodated with their 

proper atmofpheres, when the Heavens -would be left 
a perfect vacuum for the various bedies to revolve in, 
without the leaft refiftance. 


Ir the Comets be fuppofed to have been created and 
projected in their feveral orbits,at their apheha, or at 
their greateft diftances from the Sun, it may be eafy 
upon this hypothefis to account for their having at- 
mofpheres fo much exceeding thofe of the Planets in 
cheir dimenfions, for providence has fo ordered it, that 
the angles of the inclinations of their orbits to the 
eclyptic and to each other are generally very great, 
and their motions are directed to all parts of the 
Heavens indifcriminately, whereby their diftances 


fromthe Planets and from each other at their aphelta, 
are 
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are great beyond human conception ; confequently 
they were at liberty to fhare amongft themfelves, with- 
out any moleftation from the Planets, all that part of 
the fluid, which filled the vaft fpaces of the Syftem, 
without the planetary regions ; therefore if the hypo- 
thefis be granted, they muft neceffarily have fuch at- 
mofpheres, as, in fact, we find they have, and which, 
in their defcent through the planetary fpheres, are, by 
the (fuppofed) repulfion of the Sun’s atmofphere, 
driven to fuch aftonifhing diftances behind them, as 
occafion may require. Thofe whofe aphelion dif- 
@hancesewere greateft, being more folitary, would con- 


an -° 
“den: round them the greateft atmofpheres, and fuch, 


‘Their greater diftances from the Sun would require, 
upon the foregoing principles, to make them comfor- 
table habitations. As the lengths of their tails would 
probably, at equal diftances from the Sun, be propor- 
tional to the quantities of this repellent matter contain- 
ed in their atmofpheres refpectively, it may not be 
impoffible to form a rational conjecture of their Teal 
aphelion diftances, by obferving the apparent lengths 
of their tails, when at equal diftances from the Sun, in 
their defcent, and thencé’computing their real lengths, 
and comparing thofe whofe aphelion diftances are 
unknown with thofe which are already determined ; 
and as nearly as we can by this method come at their 
greateft diftances from the Sun, fo nearly may we 
(by comparing their computed trajectories, with thofe 
diftances, ) determine their mean diftances and periodic 
revolutions. But this is humbly fubmitted to better 
judges, and is defigned only asahint for future inquiries, 
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